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PREFACE

RBob Berkebile FAIA

Twas the summer of 1984, a summer ripe with possibilities, yet conflicting forces were at
work, The American way of life was seemingly alive and weil, increasingly visible and attrac-
& 10 the developing world. We Americans (approximately tiree percent of the earth's pop-
wanon: were holding steadfastly to a wav of life that was setting records for consumption,
waste, and poliution. A growing body of scientists and environmenitalists were forecasting
diwe consequences as the developing world rushed to imitate the American model

sut mportant shifts were underway. A tive-vear partnership hatwaen the American Institute
ol Architects Commitles on the Environment, the US EPA, and corporate America had been
publishing the results of their joint research in e Environmental Resource Guide. Paul
Hawken's new book, The Ecology of Commerce, was finding its way into the boardrooms of
wrporate America. The design, manufaciuring and construction industries were beginning o

Foyien

o notice.

New. more sustainable approaches and tools were tested in a series of national demonstra-
non projects that began with the Greening of the White House. Early results had baen
crcouragna enougn that the concept spread to include countless public-private partner-
3 Cguidalines, standards, tools and publications. Scores of demonstration projects were
LT out of the success of the Greening of the White Hou Thase projects included the
ureening of the Pentagon, Grand Canvon, Yellowstona, Antarctica, the relocation of com
mwunities out of the Mississippt River flood plain, and four projacts sponsored by the National
Institute of Standards and Technology (NIST). The seeds of charnige had been planted.

wur tirm, BNIM Architects, had been engaged by Montana State University 1o help design a
concept tor one of the NIST demonstration projects. The goal was 1o creata a concept for a
huilding that would be more energy-efficient tharn any building of its type. Jay Tomlingon and
i made a trip to Bozeman, Montana to gain a bstler understanding of our new client, their
1als, and the place we had been given as the site Tor this new benchmark facility, Alter vis-
iting w»lh local historians and ecologists we borrowed a copy: of the Lewis and Clark journal
rrom our new Triend and local asseciate, Don MolLaughlin, and the jocurney bedgan.

We knew that retracing the steps of Lewis and Clark and reading their journal would con-
mbute to a areater understanding of this place. It dicd and mzre! | knew from my own expe
nence that today, Mertwether Lewis would be hard pressed to recognize anything he had
nescrived at the confluence of the Misscuri ang Kansas Fivers during hus four-day visit in
May of 1804. The city that later grew up on the spot he described was my home. Lewis
wouid no longer find the Kansa Indians, bison, or the Carolina Parakest that once were so
common m this area (this vear the Carolma Parakeet yju ad the growing list of extinct
specles). He would surely be even more startied by the absence of high limestone blutts and
the t)rCn d Missouri River.” which were replaced by Kans HQ ( ity's central busingss district
snd by the Coros of Enginsers' manag iver channel. :




assumad things would be more to Mernwether's liking (inder the "big sky” of Montana and
in the Gallatin Valley where “a river runs through it,” but it became painfully obvious that
auman development had changed the landscape even in Montaria. The rich tapestry of fiora
na fauna that Lewis and Clark had described were now hard 1o find. Nor did we see foliage
‘o0 dense 1o walk through or beaver dams too numerous to count. They had been replaced
by the menoculture of aaribuginess with its attendant fences and irrigation canals.
Me were 5o moved by thig experience that it changed our approach. We lobbied MSU's
aroisct manager, Peter Perna, and Jim Hili at NiST to enfarge the scoge of our work beyond
=nergy efficiency o resource efficiency and strategies for restoring bindiversity. The propos-
1 was accepted, the NILT grant was doubled, and the team of experts enlarged,

twas this additicnal.grant thar nelped us discover that it might be possible to accelerate the
rate of chiange in the design and construction industry, 1 recalied a concept Buckminste:
~uller taught us in schoot: "The only way 1¢ make significant change is to make the thing
Jourte rving 1o change obseiple.” The project team agreed with Bucky and during the first
Jdesign charrette ten goals were embraced that held the potential to change the incustry.

As passages wers read from the Lewis and Clark journal at team meetings and design char
rettes, there was a arowing realization about the similarities between our journay of discov-
ary and the one that had occurred almost 200 years before. Only gradually did wa realize
“hat many of our mogt important breakthroughs with new systems, technologies and materi
Als were resulting from intuition and collaboration. The design concept that evalved and the
ootential it represented excegdad axpectations and triggered remarkable responses from
partcipants, sponsors and stakeholders.,

NIST and Conaress provided an additional $1.2 million to advance this concept through
maore detailed desian, including prototyping and testing of materdals and technologies. The
ASL students, lod by student body president Jim McCray, voted 1o increase their fees to
help: tund the design and congtruction of this new facility with the stipulation that  be moved
from the lechnology Park o the MGU campus. Joseph Campbeil's “invisible helping hands”
same 1o mind.

‘he design team was moved by these actions and decided Lo raise the bar for programming
Aand design ol the green building on campus. We had discovered during the rescurce map
nng exercise and the davelopment of new building matenals frorr the Montana waste stream
that it was ne ionger reasonable to accep? the theory that trade-clfs are nacessary between
the environment and ' the economy. A single design decision could and should add econom-
ic, social and environmental vitality 1o the regicn. The decisiors was made to extend this
approach to all decisions for tha new project. It had alse become obvious that underatand-
ng the barrigrs to change was critcal in creating new state of the art. With the lessons
zamed up 1o that time and the unprecedented levels of support this project enjoyed, the
Jdecision was made 1o reach for new state of the art in each aspect of the MSU green build-
ng. The term "Plus Ulitra® (Latin for "more, beyond”) gave us a name for our new mathodol-
QY.

Kath Williams joined the team as MSU project chiet just as the project was getting its legs
and moving o the MBU carmpus. As the project was renamed the EPICenter (Educational
Performance and Innovation Center) and graw to 250,000 square teet, Kath guickly assumed
A role similar 1© that of Sacagawea and guided the team through fertile landscapes of new
Jsars, new partners and adestional funding. She also reassured us that the team was still on
course during the stormis thatl resulted tfrom changing sites, budgets, building programs and
nolitical challenges - not 1o mention muliple prasidents, vice presidents, CFO's, provosts
and department haads.




wday, seven years snce we beagan our joumey with Montana State University, two phases
* the project are complete--the Center for Computationar Biology and rew teaching labo
ratones 1or chemistry—both in renovated space. Contract documents have iust been com-
weted 1or the PiIct building. a 30,000 sauare foot addition 1o Gaines Hall. The Pilot huilding
will contain the: Center for the Development of Bicactive Compounds, organic chemistry
teaching labs and informal student spaces, and many Plus Ultra matarals, systems and
wehnologies davelopad for this project.

At the tima of s writing 1 have just retumad from-a Hifkes i Monm:m Epanish Poaks with
Katl Williams, Jim Hill, and Rick Johnson (of Fisher Hami! tm ona ©f our industry partners,).
twas beaulifull But Twas struck by the environmantal degradeton since our Lewis um Clark
iD seven vears earlier. Sprawl has accelerated from Bozeman 1oward The mountains. The
atural protile of the foothills has been broken with what the local residents refer to as “starter
sastles and ranchettes” built by “cappuccing cowboys” (because they drive 1o town in their
w BUV'S Tor cappuccing). The record droughtl has triggeres record forest fires still smol-
iering nearby. Are these events related? | think so.

e
u
rn

wing the hike we were joined by additional team members and presentad working pro-
istypes of a divaerse collection: of new Plus Ultra ‘,“.“..“tt* NS, technologies, tools, and materials
e im Hill. The alpha tests have been impresswve and beta prototypas have just been
talted in the Safety and Risk Management l~ mv for a year of testing. All those assem-
mied are enthusiatic. They believe the proto\v,‘,m will continue 10 last well and be quickly
ntegrated into standard practice, dramatically increasing resource efficiency and reducing
pellution, Chemistry professor John Amend preserited the new prototype chemistry teaching
labs and the computer software his team developed. Aiready reaching universities all over
me country, they balieve it will change how we teach and dc research. Civil engineering pro-
sor Otle Stemn and his students gave a tour of the constructed wetlands in the FPlant
: nces Greenhouse. They shared the remarkable discoveries made in advancing the
capacity and durabilitv of biological wastewater traatment svstems for the Pilot building test
. The presentations were Convincing.

ese impressive successes create the level of change we had hoped to accomplish,
|ru,no|nq our goal of restoring some of the beauty and vitality that Lewis and Clark wit-
nessed? Uis not ciear. There is qood cause to celebrate the breakthroughs presented to Jim
Hill and delineated in this report. But my hape for the fuiure lies in the stories of personal and
corporate transtormation shared by Kath, Rick and others. We are more capable and pas-
onate as a result of this journey of discoverv,

Ot onge thina | am certain, My iife has been enriched by this party of explorers once described
Dy Amory Lovins as "the rocket scientists of sustainable desian.”  am honored to have trav-
eled with them.

reman, Montana. September 2000 ’3
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s one of those times in lite whean 3 ol enough
D show appreciaton 1o a large number of pe tribuited :
nevond ther contracts and grants to creale the systems, lechnologies and materiale docu-
mented in this report. Through an amazing coliahorative effort, arnong diverse individuals §
rom Calitornia to England, exemplary work was produred. Included in the appendix is ar
nonor roll that attempts 1o tist all of the individuals that have helped to shape the direction
ana quairty of this body of work. Due to the evolution of ths team over seven vears, some
maiviauals mav have been erroneously overlookad. We would like 1o apologize in advance
or any oversiahts.

special recognition must be given to certain groups and individuals.

Hret of all we wish to thank Senator Conrad Burns, NIST in generat and Dr. Jim Hill in par-
ticutar tor makinag this project a possibility and having the vision 1o trust this team of pioneers
1 efforts to “stretch the envelope.”

sacondly, many thanks to Montana State University tor "hosting” the project with special
thanks 1o the students, facully and stafl who supported it

And thirdly, to the diverse team of scientists, engingers, architects, and corporations who
maae contributions that will extend beyond these pagas and into the future of building and
onatruction.

CYery SUCCessiul project has an essential group of team plavers who are the core. They
aien go unnoticed and are certainiy not thanked ariough. Tha NIST research and develop-
ment project couid not be what itis without the dadication, creatvily, and leadership of BNIM
architects of Kansas City. Chris Kelsey's intelligence and clanty galvanized the team, Kathy
Achelpohl inspired us with her wisdom and humor; Bryan Gross led us through a great Pilot
puilding design, Andy VanBlarcum consistently converted vague ideas to working solutions,
ana Jason Mclennan brought technical expertise, elogquence with the written word, and
vouihiul exuberance that was contagious.

‘e EPICenter proiect team was blessed by having Phaadra Svec ol BNIM, and Audrey
Thuriow and Nancy Harris in Bozeman 10 provide answers wnern there were seemingly none,
and communication and clarity to keep the project team productive, Thank you all for keep-
ing us on the path to success.

'he quality of the NIST Final Report is due fo the efforts of all contributors. We would like to
aognize e editors and designers of the book including John Gasaway, Zack Shubkagel,

i 4 Ramaswami, Kristie Gossman and Stefania Vigarani of BNINM, arg John Lewis of the
eFiCenter project office. Thank you!

And tinally, a spacial thank you to the families of all those whose passion resulted in so much
ume away rom nome working to create the kind of changs that makes this project ground-
preaking and unique.

Ihe result of vour brilliance is awesome. Thank you!

Kath Williams, Maontana State University
Bob Berkebile, “NIM Architects

Acknowledagments
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‘Never doubt that a small group of thoughtful commit-

fed ciizens can change the world, Indeed it's the only
thing that aver hag.”

Margaret Mead

The success of natural systems depends upon diversity, sliiciency and interdependence.
dhe complexity of natural systems, as well as the complaxities of our comminities, can be
petter understood by starting with basic urdariving principles and values, Montana State
University and all the players, through the “Green Building® project, have learned that collab-
craton, diversity and participation are key ingradlients in creating a process that can lead to
ihe discovery of new solutions,

anyv in the process, the original MSU visionaries had individual as well as institutional goals
mng when thev applied for the first $200,000 planning grant from the National institute of
standards and Technology (NIST). Vice Prasident of Res eamh Creativity, and Technology
wansiern, Hobert Swenson, saw what he called “insurmountable opportunities” from a green
vuiiding project. Peter Perna. Director of the Center for Econdmic Recovery and Technology
rangter (now MSU/NASA TechlLink), became project director for what he saw (o be an incu-
vator for new companies interested in “green” technologies. And Frofessor of Architecture
Jerry Bancroft wanted to bring cutting-edge architectural and sustainable design expertise 1o
U classrooms so that students and faculty could benetit

sether, these three searched the nation for an architectu-al firm that could lead a design
igam ror what would be “the moot unerqv efficient huilding or: the planet.” Bob Berkebile of
HMIM Architects. Kansas City, Missour, was g elo@tua ard the four set about to develop an
appropnate team, one that could "change the way we design, build, oparate and maintain
buildings in the 21st century.” The team envisioned a national demonstration project that
woula bring educational and technology transfer opportunities to MSU and the Gallatin Valley.

i

A5 the original design team stood in that valley, they did not see “The Valley of the Flowers”
Meriwether Lewis and William Clark described i 1805, What they did see was an oppor
tunity to restore the site and build upon it a structure that would be in harmony with nature.
Ldring the first charrette in 1694, a diverse group of-internatiora’, national, and local experts

sembied 1o develop and embrace the following goals:

i

L
Introcuction
Katf: Williams + 3¢

INTRODUCTION

n Berkebile



ner 2 effwiency in fliows of information

ang marenals

store biodiversity at the site and neiyh-
DOINOO.

Improve economic vitality ot the commurity
and reg:on.

Promote human health, well-being and pro-
auslivity,

set new standards lor energy etticiency and
g congervaton {operating energy
hag prority over embodizd energy)

.,

o
]
o)
o
=3
0

(¥

Raduce giobal warming, ozone degradation,
and acid ram by increasing efticiency,
restoring biodiversity and reducing the
release of contaminants.

Improve tools - for designing, constructing,
operating and avaluating building systams.

Explore the potential of human resources
threuah education and empoweaerment as a
meaior tactor i environmental performance,
human health and economic productivity.

Express “Firmness, commadity and delight”
{Vittuvius) in the spirt of this region so that

e userissitor can “Feel it through their
skin.” (Leborah Butterfie'd),

Maximize tha pedagogical opportunities of
the process and facility.



aching the journal of Lewis and

became  a  tradition  at

et design  charrettes
mrqunou the first five years. The
varallels were oftan striking and the
warnings - profound. Project chief
Kath Williams ofien evoked these

Saimiiarities as metaphors for the
inurnay of discovery underaken by
ne project leams

5 gecond theme, "Plus Ultra,” was
dopted ag a guiding strategy and
principle of the project. Plus Ultra,
catinfor “more, heyond” became a
prHGsophy for the design proces

andg gave the project tearm a sys-
: : : e for organizing their thoughts.,
] ot the ezrm 3l aoals of the EPICentar pr 5 10 advanca state of the art for any
naia, svstem or technoloagy that became part of lhe croject. 'n each instance the team iden-
tified current state of the arl and the barriers (© moving bayond it; then the team worked col-
inboratively to remove the barrers and redefine state of the ant.

Throughout the vears that broug mt major chang n scopi, budget, and schedule, these
came goals were revisited, clarified and enﬁavlcm but nuver abandoned by the students,
project chiet or the design teams. The successes of the project hingad upon an almost
JLH"DOHW adherence 1o the original vision and goals, no mattar how articuiated. What grew
ar of these themes was the design for a building H‘Cﬂ. would charige the future. It would be
a vmq Building” with interdependent systams communicating as a whole. The building
would be a livina laboratory and a teacher of the values ermbodied m bricks and maortar

fnis project was funded throuah two US CGongressional appropriations 1o the National
nstitule of standards and lechnology. The fiduciary duty of the recipient is to disseminate
the lessons learnad. As vou review this report, you will discover what the project manage-
meant and the desian team accomplished: the process is alzo a teacher.

Introduction
Hath Williams + Bob Berkebie
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HISTORY NARRATIVE

Kath Williams [a [

fae research and development of the "Green Building” project at tontana State University
sncompassed seven vears, three major scope changes, expioration of privately-held and
publicly-owned Guilding sites, and innovative, "Plus Ultra” work by a host of collaborators.
al has resuiied is the:

vancement of the sclences of sustainability and interoperability

bevelopment and demonstration of four “green bullding technology” prototypes

esigr of a “Living Building” (holistic, integrated) svstam

Development of new materials and salection methplogies (resource mappirg,
zaseline sreen, and waste stream products that improve the economy)

Cwpecitication of a unique commissioning procedurs, all of which can change the
wav pbuiidinas are designed, built, operated, and maintained in the 215t century

Additional noteworthy achievements have Deen in
the areas of community improvement  through
technology trangter, the development of local
inaustries. protocol development for productivity
researchi, antd software for teaching “green chem-
istry.” Given the mission of a university, perhaps
e most important contriibution this projact nas
made ig the posifidning of now-experienced stu-
dents i & blossdming technical arena, graen
building and sustanable technologies.

,

The onginal Morzana State University visionar-
ies —Robert Swenson, Jarry Bancroft, and Peter
FPerna--saw the opportunilies in a green bullding
preject. When the Mational Institute of Standards
ane lacnnology offered grants for the develop
ment of "Green Building Guidalines” in 1993,
Montana State University responded with Peter
Perma as principal’ mvestigater. As one of four
recipienie of $200,000 grants, MSU conducted a
national search for an architect. Bob Berkebils of
BNIM  Architscts, Kansas City, Missouri, was
selected 1o deveiop the concepls and lead the
international team of experts in enargy, waler,
power, materials, design and building perform-
ance.

o Butding”
rohirects)

panrming Workshop for MSU "Gr

wory Narrative
Katty Wiliams



the ﬂnqmat team sel about improving state of the art in each process or technology. They
quickly discovered that understanding the barrlers to change was critical in creatng n new
state of the art. About this time, Berkebile received a gift from a friend that gave the team a
iame for ther new meathodology The gift was a beautiful ceramic tile inscribed with the
words: "Plus Ultra” (Latin for “more, beyond”).

With the philosophy of goirg "more, beyond,” the initia’ team defined the concents ot sus-
umar llity, embraced the goals of energy efficiency, adopted a new collaborative approach

0 design, and developed a new vision for the built environment that included the study of
hurmn tactors. Thase can al be listed as achievemeants of the Nationa!l ReSource Center
INRC) concept.

What grew from the leadorship of this team and a unique collaborative effort was the con-
ceptual design of the 47,000 sausara (001 Narsuml ReSource Center in the privately-ownad

fechnology Park. In 1985, as a result of a second NIST grant, the leam wasg able to devel
op new toois and technologies that advanced resource sfficiency.

While the MSU project feadership searchad for a tenant who wanted a “green building” as a
headguarters, a paraliel construction project was underway on mmp us. During the summer
ot 1896, student leaders on campus davelopad an initial proposa’ for a new classroom/lat
wratory building thal wouldg serve also as an extansion to the overcrowded student union and
the library.

About the same time, support also came from US Serator Cenrad Bums who introduced
legislation in Congress tor $1.2 millon in research and development funds. Assigned. to the

NIST budget, these funds were appropriated for the research and design of the National
ReSource Center, When plans 1or the tenant base in the NRG failed 1o materalize, Vice
President ol Research Robert Swenson saw an opportunity o combine the student-led,
ciassroom/laboratory pru;u,l w|‘[h the “Green Building” project. He appointed Assistant 1o the
Yice President Kath J\/lllicimf; as project chiet. With leadership from Assoc !816‘ # Students of
MuU President Jim McCray, the students voted a fee upon thaemselves to support & com
bined green buil (fil'1g/ctds\.sr\.,mrr\/lab:')rau ry project.




carmenng Montana leagislative support for the
structed on state -owned property, fell o Vice Preside
cpecter, the student lobbvists, and Director ol Facil
=aucation on a stalewide level had begun and. i Apri” 1997

= approval 1 build a 319 million project, but approved no capital or funds
Gh mamenance.,

r

Hecguse ol great student interest and financial support, Pres

=1 a non-taditional planning comriittee with 50 percent student representation. After con

mmmg B.NW and Place Architecture of Bozeman as design team leaders, the committee
=asassed the campus W@G(‘i to house the Center for Computational Biol the Center for
covery r»f Bioactive Compounds, and mu!?‘ivdic_,cmlvnﬂrv ciassrooms, laboratories, and
mrormal student study spaces. Programmatically, the chemistry d pm ment needed to be
250,000.

sident Michael Malone appoint

roused n adiacent space hringing the total square footage to over 2

The proiect goals of integrating ref-naarch and

teaching, making the process of scientific dis-
avery accessinie to all studer

5C
ts, and building the most resource-cfficent facility on the
sianet evolved from the basic MSU mission and from fengthy discussions within tha planning
smmittee. The project name became the ERICenter, Educational Performance and
innovation Centar. The vision was that the lessons leamed from the building, which would
1zelt be a teacher, would radiate from the center of MSU's campus.

The guding principle of Plus Ultra fit appropriately with this vision and led the design team to
create a mode! huilding concept. They applied the concept of integrated design. They pro
vided an environment that would support the advancement of buitiling operations, mainte-
nance ana tecnrologies, and discoverad inncvative methodologies that would make t -'r-

=RICenter phase of the preiect a sunce nie, community members

cess. In M,Trc" studants
aesianers, and city officials who shared an mnterest in advansing green buildings and sus
Ho in all aspacts of the proiect:
workshops, atc.

naple technoiogias and systems weare invited 1o w‘tlt ipate
Al 8T8, Torums,

‘Maximizing opportunities” was the mantra adopted by project chief Kath Williams. By active
participation 1n the US Green Building Council, by develaping partrierships with green mdw
mes. and through the services of Gottlried Technotogies (now \/\,oz tdBuild Technologias), a
strategic plan tor a research and development program was established. An additional
mygressional appropriation of $6 million, introduced hv uonatu \,bnmi Burng and sup-
ported by Senator Max Baucus and Rmprouer;muvv i funded the green building tach-
wies developmeant program. A giverse selecti igs came forward to participate

m the demonstration program. The NIST apprq;nen:un was mmudec in the FY97 budget of

huilding projct, which would now be con
t of Administration and Finance Robert
es Sarvices Robert Lashaway. Green
. the Montana Le gmlah_ue grant
for oparations

iory Narrative

Kath Williams
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the National Institute of Standards ard Techrology and assigned to the Building and Fire
Research Laboratory. Dr. James Hil, Chisf of the Building Environment Division, wags reapon-
sible for and cor :trst,,n,zh-,d to the project throughout its progress. Kalh Williams and Bob
Herkebile aquided the process ol RFP development, advertising and the selaction of the

ingusty Partners R8D program.

Fisher Hamilton Inc. was selectad as Thc ﬂm industry partner and began work on an aner-
gy -etfficient tume hood, no called Concept 2000, Otl\er partners—from smail Montana firms’
o large national lak anawarad t e call for proposals and subsequently were asked
T join the research and da\'e‘h pment program, the resu'ts of which are the subatance of this
report and the Techhical Reports. Because the project had economic davelopment as a goal,
wimphasis was placed on recruiting Montana and regioral firms to participate. MSU's
lechlink project was instryr al in identifying appropriate regionat partners, such as CHA
Laarp., Wyoming - Saneills, and the University of ldabo/Boise Cascade leam.

In 1998, a
Technologi
pus ,aTtnnmrg

formiai indl ':;trv partners demonstration program, daveloped, by WorldBuild
. brought latters of intent from over 100 businesses. Over 30 visited the cam
ori| or twio-day coligborative sessions.

As the EPICenter conceptual fesign process was complated in mid- 1998, three forces came
inte play that changed the shape of the future: 1) Because of the need for campus research
space and because studer! lunds were being assessed, MSU administrators backed away
trom suppcerting the iarge project and asked hat a “shovel be pul into the ground.” 2)
Research and davelopment partners could not accept the fiability of protolype products and
sysiems being aemonstrated on a 250,000 square foot scale. They saw a need to approach:
other universites {or testing opportunities while proposing the first com mercial appln ation be
in the EPICenter. 8) Depatture of key MSU administrators found the project struggling to
remain a university priofity, With the exception of President Michael Malone, none of the
1998 President’s Executive Gouncil was involved in the project’s vision or development.

the size of the proposed EFICenter—which would have been the largest state bu ilging in
Montana, and the percaived complexity of the facility's integrated systems drew skepticism.
Fears abounded about the expenses of operating and maintaining such a facility. And many
doubted the plausibility of raising some $50 million in a two-year period.

EPICenter O



The project team recoanized these pitfalls vet adoptec "hit a ho
attempted to creale a facility that wouid m:
Allccated devalopment resources, the team . approached potential outside
aunors. As the project chanaed in size, ¢ . and occupants over a thrse-year perniod, the
rundraising strategy was revisited, moditier ard redirecied. In the end, however, no outside
mnds were pledaed.

me run’ s 'aYngy and
'h(, project's extraordinary goals. Lacking

0 address camous concerns, the MSU planming commitlas voted unanimously 1o develop
woprot project from the funds in hand that waould be a s ing-stone to the EPICenter.
oncentually, it would altow for the testing of the fechnologies, relationships, and addrass
mmeciate campus needs. The planning cemmitiea praseniad a $12 millien pilot p Ciect

ncept to MSUs President and his Executive Gommittee (PEC) in Decomber 1898. A deci-
sion was made by the Prasident and the PEC 1o divide the praject into two components, The
NIST research and development program would Sontinue with Kath Willams as executive
director and Cecilia Yaniman, MSU Univaersity Planner, wouldlead the construcion project.

Chemisiry department chair David Dooley was appiointed 1o preside over the traditional uni-
1ty building committee composcd of the user aroup, f'avi?iﬂ-"s 5ervices ;mrsonnel and
! students. Within months, however, he was appointed MSU's interim provost and Paul
LNEeCO was named buqlqu committae chair. Without an @xp.nnc!e( budget, this committee

I souare tuol ac dm n (the Filot bailding) to Gaines Hall, the existing chem
”r\, buildding
$,500 square oot renovation of the freshmen clwmnf 1y teaching laboratcries in

the rerovation of the basement of Lewis Hall o meet the :mmediate needs of the
Bnter tor Comgputational Biology

Lemolition negan in Lewis Hall in
Decarmber 1999 and in Gaines Hall
during the tate spring of 200C. Tor
poth. of the renovation compo-
nenis, industry partners in the
dertanstration program  provided
‘green”  materiale-paint, light fix-
turgs, certified wood casewcrk,
Hlooring, and insulation—at a dis-
counted price. For example, the
new Lewis Hall carpet is being
acl after ten years in Chavron,
wadqguarters in San Ramon,
Calitormia. Milliken ™ Carpets x;fuf«
bishcd the matenals and providad
thers as “FarthSouares.” Certified
able wood casawork was

instafed by 15E C ne.. Herman
Millar.  provided | ergonomicaily
ssighed  workstations,  comple-
,mod by the electric hghting
c of Clanton and
Assooiates. Both renovation proj
scts were completed and occu
C bhefore the fall semaster
bogan mn 2000.

]
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~Ithouah going “miore, beyond” requires constant reavaiu and flexibiiity, some chariges
hinderod the advancement of the project. Soon after the trensition 1o the pilot project phase
Hace Architecture {Bozeman, Montana) chose no t o continue as achitect of record.,
immediate action by the project managemant yislded special permission frem the State of
Mortana for BNIM Architects 10 become architect of record. The role of CTA Architects
enaineers ot Bitinas, MT was expanded to fill the voids on the coliaborative design team.

design of the Filot building (the: addition 10 Gaines Hall) has been an achievemert in and
ot ngall, Envisiorad as a “Living Building,” a holistic appro )auh was adopted by the collabo-
rative, Performance team led by BNIM Architects. The result is balieved to be the most ener-
av-efiicient fume-hood-intensive lahoratory building aver desianed. The building will allow the

=sting of green building technologies and methods at a profolyps scale in an environment
that will provide unprecedentad access to real-thve dala. Industry partrers Johnson Controls
and Phoenix Controls have pooled resources with the Performance team to agliver a Plus
Ultra huilding mionitoring design and system.

ag a pilot project. the Gaines addition provides an opt )orlumw for refinement of these con-
oS, prototype products, processes, and inlegrated s 1S so that the demons Trahun of
Coneepts, goals, and values gamer even greater glof nl support for the larger EPICenter. In

the spring of 2000, MSU administration delayed bidding .md construction of the Puo build-
ing until 2001.

irorder to complete the research and developmant portion of the project, field testing ol the
orototypes was essential. Project director Kath Williama worked with MSU Director of Satety

and Risk Management Jett Shada to identity an appropriate instailation site for the new tech

nologies. Four prototypes —Fisher Hamilton's Concept 200G tume hood, L awrence Berkeley
National Laboratory's low-flow fume hood, CHA Corporation's air scrubhing system and
ol Design Associate's hybrid solar collector Phototherm— have been installed for contin-
usd testing and demonstration al MSU's Safely and Risk Management facility in the
Advanced Technology Park, the site where the: project iegan, Johnson Controls and Phoanix

rols develnped a building monitoring syatem to gather performance data that will be

maoe avanable through the prototype mamnacn,rur&;.

Achisvements 111 the NIST-sponsored research and development project have been noted
roughout the nation and are summarized in “Hesults.” Pemaps the singls largest achieve
ment of the EPICenter project was that it touched so many individuals who now
their own work using a Plug Ultra framework. :

e of the key successes of the project was disssminati
ana aeneral pupiic conterence presentations 1o a variety &%
cussion and improvements in the systems, protocols, produc Ik, and (ie"lqm

ihe =RICenter roject had an obvicus “ripple” effect on the campus, The value 1o students
And taculty who participated in the process s a Plus Ultra achievement itsell. The proiject
provided  several opportunities on campus for interdisciplinary  and  cross-disciplinary
research projects and also strengthoned ties with MSU's affiliated campus, MSU-Northern in
Havre, Montana.

Uiscussions of sustainability have radiated throughout the state of Montana because of the
LRICenter project, Design team members and the project director have been freguently
reguestea as speakers for Montana AlA, Chambers of Commerce, and Montana Contractors
ociation events.

rv Narrative
&t Williams



fhe eflects of the ERICanter nroject are expected to continue well beyaond the NIST project
termination date of September 30, 2000. Funds have been set aside to monitor the results
of the NIST prototypes. curtently being operated, validated, and improved at MGlLY's Salety
and Risk Management Faciitty in the Advanced Technology Park. The project team will share
the projact's suceesses and “lessons leamead” in a one-year-aflerward report, publications,
conterences and in thair own professional activities. Industry partners, from large corpora-
tions like Fisher Hamilton to small firms like CHA Corporation and Headwaters Composites,
have changed the way they do business because of the EPICenter project. They have gore
‘more, beyond.”

Your critique of the concepts, systems and products reported herein are encouraged —as
well as vour successes. in discovering more sustainable approaches. Please let us hear from
at jhil@mict.nist.aov and hoim.com.
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A PLUS ULTRA" DESIGN PROCESS
TECHNOLOGY TRANSFER AND SELECTION

TRE FUTURE OF MATERIAL SELECTION

WW RUCTION METHODOLOGIES

INFROVING HEMAN HEALTH AND PRODUCTIVITY
ZERE POLLUTING EMISSIONS GOAL

THE LIVING BUILDING






lason F Mclennan

‘No problem can be zolved by the same level of con-

sciousness that creatad it

Albert Einstain

naps e most important goal of the MEL EFIGenter project was to change the way in
«which bulldinas are designed, built, operated anc maintained. The design team realized that
#10 Achieva this goal it had to begin by re-examining the desion process itself,

Frary on in the project Bob Berkebile selected the term "Plus Ultra” to serve as the guding
spirtior a new precess of decision-making and design. Pius Ultra means “more, bayond” in
statm It became the phiIO\cDI‘\v or this new design process and for all those who were
“nvolved in ettarts to push the barriers of their respective fisids, Plus Ultra was not only a
= VISIONn statement, it was also a methodology, repeatable in the steps necessary to altain it.
methodoloay that the project team used to define Plus Ulra had three simple steps
s apphcable to any process, technology, or field of study:

o

Idfcanurv state of the art i y fxeld wyawm ¢
Identify the barriers to “mw’r}g beyond”™ i
Remoye the barrier and redefine state of §

with the Plus Ullra methodology as its guide. the '"DI(/ont(" project became an opportunity
o create new products, technologies, and processes that would provide the building indus-
Inywith a new benchmark against which to measure environmenital health and economic per-
1wrmance. fhe Hus Ullra methodaology was also an opportunity o turn convention on its
neaa and begin the course correction necessary 1o protect the health of the environment for
future generations. But, most importantly, this philosephy provided an opportunity to prove
that this course correction was not oniy necassary but attainable;

Mhile architectural de 3gn is ‘)y its nature an: iterative process it isn't a particularly inclusive
one and often involves only a narrow field of speci 3 o perform thair work in ralative
isolation. Architects, engineers, contractors, and u1her huilding professionals often do little
1o understand the interconnectedness and interdependency of the issues that affect each
ofner. Nor do thev try to understand the ways in which they could improve sach other's per
mmance by altering their own process. Instead, many sesm th ck in the inertia of “the way
mings nave aiways been done” and as a result they impose constraints upon each other,
king innovation and improvements to efficiency almost im ersm e. The result is often an
adversarial relationship with competing interests.

ry

The Plus Ultra design process therefore had to be one n which the traditional barriers
between the (lk%blgh protessions are broken down and everyone is involved in the design
DIOCEsSs oM e beginning. n addition, the Plus Ultra methodology demanded that the cir-

2 De wigened o nciude all stakeholders and individiials not normally & part of the design
protess, cxampies include: artists, historians, ecclogists, sociolcgists, educators, physi-
and biolegists, This was done to reflect the reality that a successiul built environment,
vne that respects the natural environment while improving human health and productivity,
noeds knowledae outside the circle found in the traditonal design professions.

iy

PLUS ULTRA’ DESIGN PROCESS

A HUs Uira" Desiar Process
Jason + Mclennan




i the summer of 1993, Bob Berkeabile journeyed 1o /\mar(‘hcq"‘: McMurdo research station
i order to examing wwﬂ in which that Tacility and community could be transform rd into a
model more consistent with the geals of the environmental ressarch 1aki nq place there, At
McMurds, Berkebi'e realized the value and richness of synergistic efforts that occur when
traditionat lings between disciglines are blurred. Due to fimited fundmg, ocmmuts from entire
 Citferent research backyrounds (such as geclogists, biologists, physicists, and chemists)
shared computer and comrmunications egquipment in the (,ommon compuiter lab/tibrary
space. The synergy resulting from this close cross-discipline collaboratior was remarkable:
majcr breakthreughs were achieved as each received input from individuals with antirely dif-
erent perspectves and knowledge bases. As in nature, the power of diversity shined
roagh to provide the mast robust, elegant soluticns. This powerful example became the
Juiding model for re-shaping the design process on MSU's EPICenter project,

) gar. by inckiding all members of the design team and afl the stake-
ders in the building {students, scientists, faculty) from the beginning of the design
process. The Plus Ultra methodology recognized the need for mechanical engineers, struc-
tural engineers, and speciaity consultants 1o be involved from the on et, each giving vital
mput, setting goals and sharing their concerns and viewpoints. Tha project attracted a
uniciie team of leadding innovators, including industrial ecologists, indoor air quality experts,
itists and historians. all with something to add to the guality of the project. Qver the life of
the project those that helpad to. guide the procass numberad in the hundrads and included
MSU students from a number of ¢olieges.

H1is expanded team sought 1o create a collaborative, holistic des.gn approach that fourd the
"highest common denominator sclution, megrqnng ampitious goals for zero-paolluting emis
sions, resource efticiency, daylighting, synergistic leaming environments and ecosystem
restoration” (Hitary Dustin, Place Architecture).

>hanging the way buildings are designed depends not ¢nly on including a greater variety of
individua’s on a project but aiso on how those individuals think and solve problems. The Plus
Hitrs methodology demandead that design team members “think holistically” and solve prob-
i2ms on a wihola-system basis rather than solely through western sciantific romwﬂve meth-
ads iauhouq 1 these were usec as wall), Holistic thinking s inctusive thinking. It views things
rom a total systems perspectve and then works backwards, always asking the question:
“What happen to the whole system when we make changes m one area?" The core dasign
taam was forlunate n atlracting many incividuals who use holistic thinking principles in their
daily practice. Some of these ndividuals included Ron Perkins and Peter Rumsey of
suparsymmetry, Hal Levin of Building Ecology Research Group, and Dale Sartor of the
lLawrence Berkeley National Laboratory.

Holistic thinking is an approach in which all aspacts of a huilding’s operation are considerad
from a life-cyele perapective. whethaor (¢ s water, waste, light, heat, structure, electricity or
humidity. The next step is [o consider how each of these components can interact to create
smaller and less enarqy i systems. Designing a building with proper daylighting,
combined with efficient hahting and controls, can reduce the size of the mechanical system
this in turn means smaller transiormers and smalle: emeargency generators which usually
more: than pay for the hghting and contro! improvements. If judged purely on the payback that
the lighting and control systerns alone generate, the upgrades may not look cost-effective
nd a huge opportunity would have been missed. As Joseph Romm states in his beok Lean




a

! 1 Management, "Becoming lean and claan through systems thinking ragquires mak
ag connections intime (through life-cycle analysis) and i space (through teamwork).”

advances being proposed in fume hood desan, ventilation, and materials, holistic think-

4 was reguired o ensure that at no point were human health and comfort being compro
mised. Sick Building Syndrome, after all, arose because designers did not properly under

na how air auality and health could be related to material
Lracuces, and energy etticiency.

selection, huilding construction

arly on in the design process, Jason Mclennan developed a series of “cartoons” that illus-
rated the holistic thinking process as it related 1o “flows” within tha building. These cartoons,
hich came 10 be known as "life of” diagrams. were utilized by the design team throughout
e process and were further daveloped by the team into a series of schematic diagrams that
slended these principles with architectural features,
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fne goal in nholistic thinking is always 1o stive for simplicity, right-sizing, and quality. The
process involves testing assumptions and asking many questiors in order 1o gat to the root
o the problerm. In gvery case, we must reveal the real cause by asking "Why?" On the
PICenter Pilot budding, thic methodology was used by the Performance team to find ways
o reduce pressure drop (resistance) in the air delivery system, a feature that traditionally
aampers the performanse ot laboratory buddings. The team closely examined fans, pumps,
valves, filters, auct design ane equipment, and carefully disassernblad conventional thirking
ind reassembled what the team believas is the most efficient laboratory system ever
Jesigned. At each stage the team asked Plus Ultra questions like, “what is causing resist-
ance and how can Whis resistance be reduced or eliminated?” Through the Plus Ultra design
procass and nolistic thinkirg the optimail solutions were reached and final barriers idemiified
1see “Harmassing knergy from Naturg”),

fhe holistic thinkirg process inevitably produces a sequence of operations or logic of its own
nat could be comparea 1o the mathematical order of operations. In a mathematical equation
proper solutons can only e achieved if individuals solve the problem in the proper
seguence. Holistic thinking adopts the same logic. If the sequence is performad in the wrong
rdar, efficiency and performance have been sacrificed. 1n an article published by Jason
Mclennan in the 1898 Amencan Council for an Energy Tfficient Economy (ACEEE! confer
Nce proceedings, this holistic thinking process was summarized as foltows:




¢ Identify and Quantify Flows
eniity which systems within a building need of efficiency

i 10 be improved in terms
woperormance and understand how this particiilar system fits within the whole

duce Demands
werevel Possiie minimize or eliminate demands on the syslem using the “why”
Harness Nature to Meet Reduced Demands
possible use “free energy” to meet the reduced demands. Frec anergy

arever «
~ouid include passive so'ar heating.
water from ancther svstem, efc.

natural convaction, the use of waste heat or

Use the Most Efficient Equipment
niy atter joads have been reduced and 'free energy’ harmessed should the mo

‘rioht-sized” equipment and systems be used for operation.

cificient

Track building perform-

# Monitor, Measure and Repeat
1 to inform futurs

~epeat steps 1-5 until performance cannot De improved.
nee over tme 1o undersiand how the huilding truly performs an

designg.

cnarretles have lona been part ol the architectural design process, but typically involved Only
dasigners anc sometimes the client. Gften charrettas addressed pure "architectural issues”
ot prograrm and desian response. In the ERPICenter project the charrettes became forums for

the aiscussion of a mynad of issues. Like for instance:

select building materi-

fiow 1C
s that  transtorm the local
3ste stream 1o new, durable

sts that improve the local
v and the environment

Hesign a closed-loop
Anc waste system while
na numan  health con-

#How o dasian a flexible struc-
wiral aystem to allow 1or the
wowest possible pressure drop
55;n the buiding's mechanical

TySiems

¢ a short amount of time, working in synergy acros able to devel
warrers in the way of achiaving thﬁ project

o

s disciplines, the team was

gant solutions that removed the

fhroughout the project different greups of this en! vqed design team met in a series of “char
‘ 17 or desian sessions in Montana, in Kans ity in the office of BN!M Architects, in
.nulder Colorado, or electronically from London or Antarctica. At these charrettes the
or the project and

dasian team had the opportunity to collaboratively seek design solution &
ihese design charrettes were organized by a mamber of the archi-

CNeck project process.

B
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rectural team (initally Chris Kelsey and Hilary Dustin, and later Kathy Achelpobl), who set
agenaas and made sure ihat cach participant had a chance to prasent their Dam(*nhn isBUes.
I'he importance of the charrette was the synergy of a diverse team collaborating in the deci-
sion making procass at ong time and in one place.

The charrette process allowed the entire team o participate in setting goals for the project.
This is a critical part of any project and especially the Plug Ultra design methodology
because it ensuras that all members of the team are working toward commonly agreed 1ipori
goals. Tne project goals, which should be documented in a continually updated design-
ntent document. can ther be used as a checkpoint to measure prograss. in the case of the
Pitot building, the final destination for the design-intent document wag its emoodiment in the
Flug Ultra commissioning process (see Technical Report) that wili allow MSU 10 track the per
‘ormance of the Pilol building by measuring the built {acility compared to the design intant.

o reduce the environmental impact of travel most of the communication on the project was
wccomplished electronically. The team made extensive use of e-mail, 1(‘!(‘Dh0ﬁ&”’ vidaoroon-
rerence, and web-based Coruml_mlcctlon tools o exchange inforration and ideas. In order to
nnaize the design of he ¥ building, the team had reguiar videoconferences between
Kansas City and Bozeman to ,hdrC drawings and make decisions. The team also made an
dagreement with Blueline Cnline whe provided a web-based project management program
that allowed the team to share drawings and documents via computer. Due o the large size
i the team this became an assential part of the project communication system and mini-
mized the time necded t0 send faxas and shipments, thus minmizing the associated cost
and envircnmantal impact,

Despite the success and ease of thase communication tools however, the team found that
Hothing compares 10 the power of {ace-to-face interactions. Charrettes therefore continued
to be necessary al critical junctions in the design process.

Key work groups inciudad the lollowng teams {see Technical Reports):
Water and Waste
Performance
Materials
Power

While there was some concerm ahout breaking the farger team into smaller groups, @ did not
prove 1o be a hindrance to the project. To pravent issues from being lost in the shuffle, the
wore design team members were assigned to the four teams so that infarmation could be
shared from group 1o group and results of the work group's products ware posted on the
project website. 1 mos 1 cases Kathy Achelpohl and Jason Mclennan servad in this rol2

Perhaps the most active and nterdisciplinary team was the Performance team, which cov-
ered energy etiiciency, mecharical systems, passive heating and cooling, daylighting and
electric lighting, and humaﬁ health and productivity (see “Harnessing Energy rom Nature”
and “Improving Human Health and Productivity”). By their nalure these areas nceded the
most coordination and could banelil most from integrated design solutions.,




=y meet lhe sehedule and budgat requirements.

'he success of a project of any type depends on the clarity and vision of ils leaders and thair
ity 10 share that vision. On the EPICente: project Kath Williams of Montana
i 'rll\/emtv ang Bob Berkebile of BNIM Architects provided this leadership, Those who were
mspired by this leadership and set out in their owr way 10 make the vision a reality were
numerous and their contributions many. Kath Witkams often compared the EPICenter project

1o the joumey of Lewis & Clark, who, with the help of Sacagawsa, explored t

petweers Missouri and the Pacific. Like Lewis and Clark, the design team t,xplored new

wround in a collaborative process of discovery,

Hsing Plus Ultra methodology and holistic thinking princigies resuited in integrated design
eleqant and efficient than those achieved py traditional design methiods.
\teqrated des |rm scenarios solve multiple problems at onge in the simp ;e ot and most cost-
rective way, (Un the EPICenter Pilot building there were numarous examples of how the Plus

SOIILONS MO

=}

Ultra gesign process resulted in integrated design solutions,

~araps the most compelling example is how the structure

the charrette proce
o

qson Mcelennan, Andy VanBlarcum and Kathy Achelpohliof BNIM, Shay

architects Engineers, Ron Perkins of Supersvmmeatty,. Nancy Clarton of Clanton &
Associates, and Tom Beaudette of Beaudette Engineering, with contirued refinements from
@ nost of others. FHoure 2.1.1 and 2.1.2 illustrates fiow the J-shaped wTrur“‘*Jr(‘ was dasigned
oy embrace the mechanical ducts and aiso usad o organze the plan and laboratory equip-
ment. Ihe double beams thal support the floor alabs allov the fume hood ductwork to be
raised higher it the saection, freeing up area nesddd 1o maximize daviigh ing in the laborato-
nes. Additionally, the U-shaped elements are uged as mh of the building's lateral force

re3ISting system thereby making the structure more efficien

Another good axample from the Pilot bullding design is damonstrated i figure 2.1.3 that
ilustrates a section through the roof of the buiding, Tnis particular design sclution resulted
nessing Energy from Nature”),
tration through cierestory win-
dows into the atrium. the design also had to accommodata a very large, low-valocity, low-

rom the need to integrate a 20 kw photovoltaic array (see *H
wnich was aiso the roofl enciosure, and allow for daylight pane

pressure ar nanding system iocated on the floor ieval directly balow the array.

onjectives:

areater afficiency: each system in the building s working in harmaony

ntegrated systems are not easily “value-engineered” out of the project
Resuits are more meaaningful and beautiful

se iess material, but do more work

# Haxibility, feedback, and control are increased

garshin was essential because, despite all its )o ty goais, the EPICenter Pilot building
ciect had 1o adhere 1o a tiaht budget and schedule. As a result, decisions scmetimes had

» be made even before all the research could be comnleted in an area or before svery mem-
we Of the tearm hiad a chance to give input. In many ¢ases, tough dec:sions had to be made

ol the building was des
_oncert with the mechanical svstem, fab equipmant layout, daylighting and lighting designs,
and architectural program. The solutions to these particular problems were reached during
s througl: the collaboration of many individuals, incluging Bob Berkebile,
i Murray of CTA

Az these examples illustrate, successful integrated design concepts accomplish: several

us Litra” Dasion Process
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le there ware many breakthroughs on the preject due 1o the Plus Ullra design proces
@ were some hard lessons as well. The team learned that there can be too many “\'*ok
Kitchen™ and that quite possibly there is an ideal team size or “carrying capacity” to
anv project. While the expanded toam provided Breakthroughs in many critical areas, it also
came a senous challenge for the team to manage and tack pragress on all fronts simul
-qneously. A sightly smaller team might have been eveh more successful, Sometimes dur
ing e projact there were sirply too many individuats, 100 many technologies, and too many
ings that needed to happen in the time available or for 1he size of the cere management
Jam 1o handla effectively. In somea caszas, opportunities may have been missed because of
g feam's size and the number of areas in which the team attempted to achieve Pius Ulra
ctalus.

the team alst learned the importance of having buy-in from all members of the team
mrouahiout the history of the project, especially individuals who have the authorily or power
i redirect or minimize the project's potential. For the first five years of the project, the design
team worked toward the original project goals — wi ,_:h wera very cléar —and during that time,
the goals weren't questioned aven when kay MSU stakeholders changed. Bul, when the
iect becama the EPICentar and later the Pilct building, key MSU players continued to
f‘mnqe and partcipants were introducaed who did not haip create—and therefore had no
aiegiance w-the original goals. When this happenad, the design team should have
stopped their work and reaffirmed the project goals

The leam also concedes that most projects do not have NIST grants to pay for additional
SxDRMS, [he rasuits from an expanded and integrated design process can more than pay for
& slightly enlaraed and more participatory team if design fees can be expanded at the out-

el and it the benstits of such an approach are communicatad to all stakehoiders,

iM Architects)

A "Pigs Ulra™ Desian
jwzon F McoLennan

Woener Filot Suidirg

ORes



in surnmary, the team lgarmead it is essentally imp

set tirm geals at the outset with by-in from al' stakehgiders.

Document the goals in a living design-intent document that is conlinually updated
Aandt revisited and reattirmen as new key stakeholders are introduced.

Pul in place commuunication and decision-maxing protocols early and adhere to
them

cale the size of the expanded team 1o an appropriate lavel as compared to the
size ol the core managemeant team.

schedula design charrettes thal bring all stakeholders together at regular intervals,

Ise holistic thinking principles to produce integrated design solutions.

@ Return again and adain (o Plus Ultra.




‘We have in piace in Amarica the tlechnological ahility 1o
reduce our ovarall enargy censurpption by nearly 80
percent.”

Paul Hawker

« Fart of the mandate of the NIST grant was to dentilv and help develep technologies that
nave the mest potential to change the performarnice and environmental iImpact of buildings.
. Emphasis wag ptaC@d on technologies that werse near commercialization and nseded an
i(m onal "boost” to reach maturation. In later stages the technotogy selection process was
ram {see Technical Report).
wer the course of the project a host of technoloaies wer rifified, with different levels of
: nvesugat on into their appropriatencss for funding depending on thair potential impact and a
Aanety o other screens. Some ol the tactors that influenced ovontual funding includad

Sfooplay an am;x-ma» 1t role within MSU's Industry Partners p

v

stance to maturation
~mount of funding needed to reach maturation
i Potential to reduce envircnmental impact

: Potential 1o improve human health and productivity or satety

o A

Appropriateness to the EPICenter projact spezcifically and Montana regionally
fabiity as a commercial product

illinaness or ability of inventor/owner to contribute to its development

it is interesting 1o note that the project team was abe to identity more potential technologias
than could be tunded. Difficult decisions had to be made. Many technologies were not fund

=01, 101 Decause they were not promising, but because they did not fit all )f the above crite-
na. in some cases technclogies were dropped as the project changed sites and programs.
In particuiar, when the project changed initially from the National Regource Center to the
EPICenter, the focus changed 1o include {fechnologies that could make the laboratory envi-
ronment more enerav-etficient and safer. Typically BNIM architects made recommendations

™ MSU concerning which technologies should be funded, then MSU made & final recom-
mendation 1o NiS 1. The design team did not endorse all the technologies proposed to NIST
wor unding as some were chosen directly by MSLU because they contributed to advances on
Campus or in e region.

_averal key members were responsible for the identification and investi }mor‘ of key tech-
~nologies, including Kath Williams (MSU) and Bon Berkebile, Chris Kelsey, Jason McLennan
and Kathy Acheipohl (BNIM Architects).

Y TRANSFER AND SELECTION

Jason b Melennan + Kathy Achelpohl AlA s

noiogy Transter and Selection

Jasch F McLernan + Kathy Achelpohi



e design team identified possible new technologies n a number of ways:

Word of Mouth. At the beginning of the project, BNIM did an extensive phone survey of lead
mny practitiongrs in a variety of tields of irterest o the project, including energy genseration,
Javighting, ndocr alr quality and air purification, water and waste managemant, and mater;
As. These phone surveys wera invaluable in identifying a large number of leads from refiable
SOUTCes.

Corferences and Presentations. The design team traveled to a host of conferences to pres
ant the ideas tor the project and had the opportunity to idantily several key technalogias, In
partcular, the connection 1o the LBNI fuma hood was made at the 1998 American Councit
oran Ene Efficient Economy (ACEEE) conference in Monterey, and a connection with
“hoenix Controls was mada al EPA's Lab of the 21 Century conference in 1993,

If You Build it They Will Come. Cne of the most effective ways that technology projacts were
wientified came simply from :ndividuals and corganizations that came forward with proposals
snee 1t was known that devalopment money was available, MSU-Northern's three projects
wvere among these. Legal notices were published in newspapers statewide, and Kath
Hifliams, MSU's ERICenter project chiel, gave many talks on campus to raise awareness of
the oroject.

Internet Research. Ihe Internat servad as a valuable resource throughout the project as a
source of ideas and inspiration. At points in the project, MSU's project website received 30-
40 "nits” a week. many of them from service providers and consultants who wanted 16 be a
part of the EPICentar project.

MSU's Industry Partners Program. As MSU developead their industry partners program, poten
nal research partners, like Figher Hamilton were contacted. Fisher Hamilton went on to
become a partner ant! had an-active role in the NIST R&D program. As part of the program,
Fisher Hamilten developed a rew mare energy efficient fume hood and also assisted LBNL
1 the development of their low-flow fume hood by providing testing facilities and ultimately
constructing LBNIL's prototype that was installed at MSiJ. In addition, Fisher Hamitor: was
nvoived in the develppment of CHA's fume hood air purification system specifically as an
advocate to reduce ihe physical size of the absorber unit to help make the product com
mercially viable in the aboratory renovation market.

Technology Research CGroups. MSU's NASA technology transfer group helped to identify
potential research projects it the region, and based on thair research and recommendations,
OHAL Wyomirig Sawrmills, and the Boise Cascade/University of Idaho Department of Forest
PFrocucts became MNIST research partners. Additional technology transfer opportunities were
identitied by the Northwest Ervironmental Business Council's Montana Coordinator Linda
Hrander and her group.

ks
Wwhile the dasign team was responsible for the identification of appropriate technologies, the
decision to pursue development and award funding for them was rot made by the design
team alone. Bob Berkebile recognized the importance of hiring “outside critics” to make sure
that all decisions on the oroiect where state of the art was being pushed, were made
responsibly. 1he role of the outside critic wag of particular importance during technology
selection, as the design team did not always have the necessary technical expertise with
which to make traly informea decisions. The expert critics on tha project changed depend
g on the topic an often ncluded faculty scientists at MSU, members of the Performance
team, or sometimes incwviduals who had litlle involvement on the project other than to ana
lyze a particular tachnology. Critics who played significant roles over the course of the proj-




zge Cnite Lro Melvin Frst with Dr. John

Qucatth

set mcluded Dr. Melvin WL Fitst, a
i )!‘““ f‘”‘f}lﬂ? expert from Harvard
University; Janet Baum, a lab
1( ign specialist, Ron Perking of
persymmetry,  a  mechanical
wer specializing in integrated
tems and energy efficiency, Dr.
ard Knutson, an expart on air
w and fume hood safety; Hal

huitding ecologist and 1AQ
:, dnd Dr. Anne Camper, &

A complete list of the technologies that were pursued on the project is shown on the follow-
g pages. fhe timeline shows when technologies were adopted, when they droppad off (i
they were eliminated), and why they drepped off or how thiey were includad in the Pilot build-
logies were always

ma design. It is interesting to note that some technologies and method:
a part of the project such as:

selection meth
w han Tactors

in terms of the tinal design for the Pilot building, the most successtul technologles were
those that centered on building pertormance in terms of energy efficiency and integrated
design. Alse successtul were the research projecis in advanced {ume hood design and air
sorunbing tecnnclogy (see below). See “The Future of Marerials” and “Improving Human
maalth and Productivity” for mfnrmmlon about the development of new methodologies to

=i

seiect materials and evaluate human factors.

inere were scme "technology disappointments” — quite unrelated to the technologies thiem-
selvas—as the PHot building design progressed. For example, the desion team was very
optumistic about a new type of wastewater treatment systern being developed by a group of
2251 scientists who planned fo design, build and maintain a prototype system in the Pilot
zuilding, but MSU lacked the funding for the bricks andg mortar 1o build the: greenhouse struc-
ture. MSU sought several EPA grants 1o pay for the structure but funding was denied.

Another disappaintiment was the hybric, integrated photoveltaic array to be beta-tested on

r

the Pilot building. When MSU postponed the Pilot building bid date until after the close of the
NIST grant, NIST funds were no longer available 1o pay for the hardware and installation of
e prototype, and as a result the photovoltaics ware not inchudad in the Pilot building

e
struction documents.

con-

i the end four maior technologies received a sic ruin ant share of the NIST funding for prod-
Lot development and commercializat on. LBNLU's and Fisher Hamilton's fume hoods anda the
nwvbrid integrated PV technology are ;ummunxm helow and a summary of CHA's microwave
air sorubbing technology is in the chapter entitted “Zero Polluting Emissions Goal.” All four of
these technologies have been prototyped and are undergoing testng in MSU's Salety and

Hisk Management Facility located at the Advanced Technology Fark,

nology Transfer and Selection
jason + Melennan + Kathy Acnelipohl



Energy Efficient,

Integrated Mechanical System
Direct Ground Wates

CoinG ang Heating

“igat Recovery Systems

Sadiant F'loor Heating

Sadiant Floor Cooling

Lirect BEvaporative Cooling

xhaust Air Heat Recovery

Canable BExhaust Stack Flow

Fume Hood Airflow and Diversity

w Presssure Dropn
wystems (Alr and Water)

SBuildina Temperature .

ontrol Integration

‘tack Ventilation Towers
= ventiiation Passive Cooling

Sub-floor Plenum
for Alr Listribution

Daylighting /
Lighting Strategies
ruzzy Fhoton Collector

Advanced Light Shelves
4na Liant Pipes

Lxrenor Hun shades
ntenor Light Shelves

¢+ neragy tificient/Hiah
dudlity Electric Lighting

Integrated Lighting
Control System

Advanced Glazing
fechnologies

Choud Gel

iectrochromic Glazing
Holographic Film

friple Glazed Window Syvstems
Advanced Design Tools
Compuiational Fluid
Lenamic Modeling

cnergy- 10

Fruiiding Desian Advisor
=ergy modeiing, lighting and

[N

.ahtscape
(daviighting/lighting design)

Hadiance ...

idaviighting/lighting design)

Fhvsical Study Model
waldvlwght ng design)

Bubble Generaton and
Fiow Visuaiization

Human Factors
Evaluation Methodology

) -
gy Modeting - DOE 2 ..

2000

at

/pre-cool air

% Filot building us

s heat recovery system

ot building uses radiant fioor heating

Evaporatve cooling deemad more appromriate for Pilot building
ot building uses evaporative cooling

ot building uses heat recovery

Piiot building uses variable exhaust stack flow

i Pilot building uses fume hood divarsity factors

Rilot building utlizes low pressure drop systems

i Pilot hullding has temperature control integration

Cross ventilation scheme deemed more appropriate

‘ARSI i\t building Atrium passivety cooled using cross ventilation
Al plenum abandaoned for cross ventilation strategy

~, . Insufficient evidence to proceed with prototype
I Not necessary/feasible for Piiot building design
IR ————— il Duilding is daylit using sun shadss + light shelves

il Pilot building integrates daylight + electric lighting

Pilot building uses photocells and occupany sensors

Cloud gel not reacly for use in Pilot project time frame

- Blectochromics not ready tor use in Pilot time frame
Holographic films not apprepriate for Pitot building

IREEENESRNNE (iolo glazed windows used in Pilot bullding atrium

m CFD used to develop advanced fume hood designs

DOE 2 more appropriate far Pilot building type and size

.- BOA toot not ready for use on Pilot building

RN | tscape used fo analyze Pilot building design

. IR aciance used to anatyze Pilot building design

RSN - sical models of atrium and labs tosted

_ ISR -y sical tests to confirm Pilot building design complated

MSU team uses their methodology for "pre-tests”



Air Scrubbing Systems (Zero-Polluting
Emissions Goal)

Pholocatalvtic Oxidation ... TN e INSUTIGIENT BVIdeNce to proceed with PCO
Microwave Air Purification (CHA) __ iisiasissameamemiit - 0101, 1e installed At MSU's Tech Park in August 2000

Advanced Fume Hoods

CLENL Low-flow Berkeley Fume Hood rototype installed at MSU's Tech [Park in August 2000

Tisnhier Hamilton 2000 o Prototype instalied . MSU's Tech Park in August 200C
Solar Power
t Mounted Sclar Panel: 1NN integratad, hybrid collector had more promis
Stiving bngine 1ENEG_—_G— et e TOGTAR, hybrid cottector had more promise

intearated, hybrid solar thermal collector Prototype mstalisd at MSU's Tecn Park in August 2000

OO Piot building bid date shifts and partnarship falls through

Hydrogen Fuel Cell . ‘

Wind Power - Wind farm to provide clean Pilot building power

Wastewater Treatment Systems
siar Aquatic Wastewaler Treatment - o
wing Maching: B MSU enginecers propose to develop/maintain system

ioiouical Wastewater Treatment - ATAD
Zestem

Planned tc be bata tested in Pilot building Phase 2

Sidestream for Chemical Remediation . MSU engineers test plants tc remediate chemicals

Effective Microrganisms (EM) Insuificient evidence: to proceed with EM

EA £3

Devetopment of New Materials from
Waste Streams
Mine Tailina/Fly Ash CMU Specified for Filot building

Hoad Ovi ae Floor Material Net appropriate material for Pilot building applications
~igh i ercentage Fly Ash in Structural

Loncrete o Tests for high % fly ash in building structure completed

b Ash Concrete Fly Ash concrete used in Pilot building features

Fv Agsh Compaosite Sicne (Headwaters
Liomposites)

Headwaters product specified for Pilot building

Last Earth Lo e 000 Dropped - calcified gypsum not waste product in region
Material Selection Strategies
e radius of the site) R | 02l Drick and fiy ash composite used in Filot building

Ceveiopment of Material Selection

NMethodology INEEGEEERRRRRN - ccline Groen to be tested

Zero Waste Construction Practices Construction Waste Flan specified for Rilot building

indoor Air Quality Strategies IAQ strategies incorporated in Pilat bailding design

“Plus Ultra” Commissioning N P!us Ultia dosign tor Pilot building completed

noiogy Trans'er anc Selection
" F Mclennan < Kathy Achelcohl




arkeley Lab High-
Fartormance Fume Hood
fLawrence Berkeley Nationa! Labs)

FOORVEHE E fomal i

When the EPICenter project became a tume-hood intan-
3ve cnemistry teaching and research facility, advancing
state ot the art for fuma hood desian was a paramount
concern. in this effort, twe groups became involved with
the project to develop marg energy efficient and safer
tume hood designs: Lawrence Berkeley National Labs

LBNL) and Fisher Hamilton.

(BN has developed a promising now low-flow fume
hood technology caled the “Berkeloy Lab High-
Ferformance Fume Hood” that reduces airflow require
ments by H50-70 parcent, while maintaining or enhancing
user satety. The hood uses & "push-pull” approach to
contain the tumes and exhaust them from the hood.
small supply Tans located at the top and bottom of the
nood's sash, or “face,” gently push air into the hood
see ligure 2.2.1), These low velocity airflows create an &7 0 - L,
air aivider that separates the fume hood intarior from the
exterior using low-ntensity, low-velocity airflow (unlike
an air curtam approach that uses high-velocity airflow). SRl T
i BNL's air divider approach of separating and distributing air leads to greater contairment
ana exhaust efficiency. In addition, the air disirbution is designed 1o

# Fush clean room air into the breathing zone of the operator

: Heduce or eliminate dangerous eddy currents and vortexes

= Frovide more eflicient push -pull ventilation

LBNL's researct: team applied an iterative process of discovery and refinemeant using com
putational tluid dynamic (CFD} madaling, bench top fabrication and testing, protoiyping com-
ponents, ana ull-scake prototype fabrication and testing. Developing their fume hood into a
tield test-able prototype condition required a number of steps. Some of the significant activ-
ities included:

i Review of hood design fundamentals, both from airflow and lighting perspec-
tives, and the integration of advanced technologies and design strategies intc
the prototype.

Idertitving and adrliessing crucial barriers, such as meeting industry standard
test methods.

Hefinement ot design based on feadback during the process.

Ihe project's principal resull is: that the research team developed a prototype low-fiow fume
hood that successiully containg tracer gas, per the ASHRAE 11C tume hood test, at an air-
flow volume 70 percent lower than a conventional fume hood. LBNL's work on fume hoods
also included the development of a new high performance fume hood lighting system that
reduces energy used for lighting by nearly 50 percent. The new system utilizes a single 75
flucrescent lamp in lieu of twe T12 lamps and, as a result, is mora reliable and requires 12ss
mainienance. iests indicate that the light produced is more evenly modulated across the
task plane than the haht produced by a 712 system,



Fisher Hamilton is in the process of developing a next generation energy-efficient furng hood

orolctype installation at the Safety and Risk Management faciity is the first end-user test
=12, e Goncent 2000 tume hood will enahle the us
rempered arr volumas without sacriticing capture and _¢¢
~0ae. This fume hood concapt will also incorporate a higher sight line for gbservation of tall
apparatus and distifiation racks during the operation mode. A patented "Autosash” mecha

sm hm beer: engineered to retum the fume hood
ihe sash, in this position, will act as a safely shie
-"hijITOH, whe s currently developing a testing procet
ASHRAE 110 wsling tor containment and flow, will monitor MSU's prototype installation.

muuwv. Ihey discuss the tollowing results in their Technical Report;

s mton's Concepl 2000 Fume Hooo

Hamilton's work on the
ter project involved both re
cesigning  their Horizon Hood 1o
reduce exbiaust volumes and doeval-
a new enargy-efficient tume
calied the Corcept 2000,

) H”wrizcr hood was re-designad
o reduce. exhaust volumes by 50
ent‘ This entailed re-engineer
wrome  hood  construction 1o
wommaodiate a combination sash,
3 new sash configuration will pro-
tull Ve”‘bﬂl height for normal
wation (2.9., set-up mode) while
Qyir”\m monitors the sash position.

frering a "satety shield” tor the operator. An ala

m

ed Concept 2000, The tume hood is cun

1y in the devalopment stages and the MSU's

f lower face velocities (60 FPM) and
ainment efficiencies in the set-up

sash to thie sale 18" operating opening.
ainst potential explosions. Fisher
dre antd methodology based on

]r‘ 3

: Interestina 1o note that Fsher Hamilton attribuies the MSL EPICenter project with rais-
their awaranass of the potential tor new, qre‘ ner” procucts in the laboratory equipment

eiopment of high-efficiency fume hoods.

# Incorporation of a tinishing system for both weod ang steel products with near
/oG emissions and minimization of hazardous waste disposal during the
finishing process.

plole mon ot "certified sustainable wood” products as a standard option. |
Auqust 2000, Fisher Hamilton was certified {or chain of custody by umarT\'Vood

‘rocurement of cold rolled sheet steel with a minimal recycled stee! content of
i i) oarcent,

e

# Incorporation of “blanket-wrap® prodact shipmaents as standard practice (to elim-
mate cardboard and wrapping products,.

Additionally, Fisher Hamilton is in the process of writing revised 'arr“hitectun!
pecitications tor their products to mcorporate "Green Building Products” and
“nvironmentally Friendly” manutacturing processes.

rology Transter ang Selection
on F Melennan + Kathy Achelpoh!
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The buildinrag  was
designed fe showgase
emerging new encrgy  and

thormat generating technolo
gies that have baen combined
e a roof integrated product,
solar - Design Associates’
{GDAY hybrid integrated solar
thermal coflector. Thase pho-
wovoitaic panels, in addition 1o
providing up to 20kw of power
and a significart amount of
domeslic hot water, would
also serve as- the buiiding's
roof surtace. As mentioned
earlier, because the bela test
could not be incorporated into
the Pilot buitding, a hybrid, bur
net integrated version of the
collecter (called Phototherm)
was installed at MSU's Safely
and Risk Management Facility.
SDA will monitor the electrical
and thermal performance of
the: prototype to provide val.
able feedback into the cpera
ton and efficiency of the com-
bined collector.




ING ENERGY FRCM NATURE

Jason F Mct.ennan

Mounting evidence conceming the role of humans in
natural ecosvstems indicates that the world ecosys-
temn cannct long endure, a wida-scale replication of the
resource-dapieting patterns of recent Western growth
Indeed, the scicnce of ecology is suggesting that
maEny of our religiousty -held beliefs —like the belief in
perpetual econcmic growth—are in fact colossal lu-

SHONS

il

[tmothy C Wieske!

Throughout the develop-
ment of the EPICenter proj-
ect; energy use was recog
nized as the single largest
impact category on the
snvironment.  Setling new
standards for the use and
Jenagration of electricity was
thus foremast on the team's
ist of goals for the project.

~or thousands of vyears
human society was at the
marcy ot the elements.
Nevertheless, early soci-
atias devised clever ways
to buitd buildings that har
nessed these elemanis to
temper the effects cf cli-
mata. Buildings evolved in
‘asponse to climate, local
raspurces, and topography,
ahanging form and compo-
Sition as necessary to pro-
ecl what was inside from
‘he elemants, while reguiat
ing remperature and humid-
ity 1o the greatest exterit
possible. This in turm result-
200 in regionally  distinct
architecture that was both
ned by and helped to
shape culture. This evolu-
tion produced vemacular
orms that cittered from m ale to Ir"cale‘ nas 'ﬁﬂm way that ‘plants and animals differ from
plome 1o plome (see "Ine Living Building”). Ra g’ardless of the climate or culture, all thase
nuildings had one thing in common --they relied on "currer: ;Olar incomea.” in other words,
thev harnessed energy trom nature that was (,uvrru |y in production such as wind, biomass
or airect soiar radiation. ihe result was buildings that Iw fithe environmental impact once
thev were buit.

833Ing Energy from Nature
izzon B Melennar




But Western society was nevar completely satisfied with a close relahonsr’up to nature and
was guick to tollow the ideas of individuals like Francis Bacon who sought “dominion over
nature” using the scientific method. As sarly as the 17th century, we beqan ¢ look lor ways
W put distance between the clements on the outside and activities held indoors, 10 be warm
no matter how cold it was outside, or cool no matter how hot. The turning point came when
wg redlized that energy was alse availabie in “stored form” as coal (and later petroleum and
natural gas) and could be collected and used for any purpose at any time. Unforlunataly, in
Sur naste to surge ahead with “progress® we lost the ability to discern between practices that
wera damaaing to arnvircnmeanital health and those that were not,

‘Smce then we have become o soc;et'y addicted 1o energy use, a problem most visible in the
esign of madern cites and buildings. The history of architecturs in the 20th century can be
/|(Jwe,o| as a history of huidings emt :meq machines and technology. The machine, such as
ihe internal combustion encine, has been the symbol of progress and mankind's mastery
wer nature tor the last hundred years. The machine has allowed us to achieve comiort in
any climate, 1o traverse forg distances in short amounts of tme and tas revelutichized
=sverything from food production 1¢ the manufacture of clothing. 1t is not surprising that
macnines arz the ultimate metaphor for the buildings of today. Le Corbusier, pne of the 20th
entury's bnst kinown architects, even wem so far as 1o say thal, "houses were machines for
fving in.’

A machines, our buildings also began o lcok more and more similar, regardiess of culture

r climate. With machinas as metaphors, our buildings took on the characteristics of clinical
assembly line productions. An office bullding in Singapore now fnoks the same as an office
buiiding in Manhattan and both share the same "perfect” climate controlled indoor environ
ment. At the same time, the lgss of regional difference began to undermine the uniqueness
ol place, removing ug from undarstanding what local culture and climate have to affer.

imiortunmolv, like the machinas of cur age, our buildings use energy and materials wanton-
depieting resources and using energy in ways that are beginning 1o alter the very climate
lhal we all depend on. According to the US Green Building Courcil, buildings in the Urited

Silates consuma 30 percent of our total energy and 6O percent of our electricity while gen-

erating 2.5 pounds ol solid waste per square foot of floor space for construction alone. Five

billion gallons of water are usad per day in buildings just to flush toilets! The reot of the prob
lem was our shorts.ahted behel that technology combined with a great deal of energy was
lhe answer to any design problem.

"he design of the EPICentar project, like others in the green architecture movement, was a
<all to restore balance batween the dC\)IrP for modern cornfort with the impacts that are now
cynonymous with it to embrace approptiate technologies that use current solar income

instean of drawing dowr nature’s “capital’; 1o seek and irnplement age-old design solutions

determined by cuiture and place.

in Montana, energy conservation was pamcularly important because of tha stale's axtrome
winter temDeratnm“ Fortunalely, Montana is also blessed with an almost ideal climate for the
utilization of passive heating and cooling: low humidity and large diurnal temperature swings
in the summer, as well as a lraguently clear sky al!owmg solar gain in cold periods.

A challenge for the design team was to embrace these passive strategies in a laboratwory
puilding that requirect a great deal OT conditioned air regardiess of outside temperature. In a
sanse, the project team was given lhe most challenging building type possible in which to
demongtrate green building techniquas. In order 10 meet tnis challenge, the design eam
embraced the “Plus Ultra” mathodolegy and helistic thinking process described eartier and
assembled a world class Periormance team to evaluate dasign strategias.
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avilght produces the most amcunt of light 10 thie least lamount of heal and properly todal of
designed can arealiy reduce tha amount of energy required to provide a guaity luminous EPICerier Piot

T

environment while reducing heat Ioads within the building. The design team spent a great
deal of time studyinig the potential tor davlight to be the major source of iliuminance in all pri-
mary spaces aurng daytime nours. Daylighting was: ar integral part of each of the EPICenter
schemeas and. ultimately, the most detailed exploration was complated during the Pilot build

g phase of the project. From the outset, each of the EPI : emes was organized to
allow tor the maximum use of davhight. All schemas werg cldngated in the east/west direc-
Lon 1o provide maximum exposure Lo south and north light. Light shelves and light redirect-
ing technologies plaved an integral part of each of the designs, South facing windows above |
iaht shelves provide itumination deep into the laboratory spaces, while smaller windows
Deiow the light shelf provide views and light at the perimeter. The atrium receives the magjor-
tits davlight from a large 15-1ool clerastory window facing south, with additional light i
from punched openings high on the north tacing elevation,

Harnessing Energy rom Nature
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For most of the daviighting
studies in the Pilot budding,
the team used physical
modals for both quaiitative
and guantilative testing. A
T-10 hluminance meter was
used to lake fo(.)tc-and:.
readings within the mod-
gled spaces to datermire
where in the spaces, and
at what time of the vyear,
adequate  davlight levels
we'e reacned.  the team
used the daylight model to
modity the design of ligh!
shelves within the 'aborato-
y spaces and o provide
the necessary inforration
needad by Nancy Clarton,
he team's fighting design-
ar, 10 gesian the electric lighting in the labs and atrium. The electric lighting and daylighiting
schemes were a 'l .eavulv uj)\v),!’(fﬂrlcﬂ(éd effort,

4 Lagoral

atazing was atso a malor consideration and the design team selected glazing with different
properties depencing on the orientation and location of the openings in the building. The
,,,,,,,,,,,, 1 goal was 1o choose the best glass tor each location and 1o balance the need to control giare,
sermit visible light, and control heat 10ss and heat gair. In the atrium space, where comfort
sonditions will mly more heavity on the pertormance of the envelope, triple-pane super-insu
tating glass wag chosen, althwough the properties of this glass varied with orientation. in gen-
=ral, west and east facing :n:z% s relind on increased glare contral with a reduction in visible
light transmittance, where lb|€! light trangmittance was maximized in south and north
ocations wh“rc “he ilumina tevals and heat gain could more easily be confrolled. Glare
vas controlled in the south Iuc,ahfm through the use of tight ohwlve_ and shading devices.

JHYHANT NS HE3UNs Lnar

N Arcliitec

To further study daylighting, the core
dasign team enlisted the aid of sev:
eral design professionals to help tes:
a!temﬂhvcg solutions that woule bal
ance illuminance with glare con
carns. Professor Tom Wood of
Montana State University spent a
woek durng the scnematic aesign
phase of the Pilot building in Kansas
City to help the design team explore
various design options. Professor
Wood was particularly helpfutin con-
vincing the team to move away from
skylights 1 the atrium space {(which
produced a lack of control for ther-
mal gains). to the final solutior that
involved clerestory windows in which
thermal gains could more easilv he controlled. Professor Wood used Lightscape, a comput-
= modeling tool, and Visual DO In his work at BNIM

o snaderslear kY 4o eaine




—leanor Lee of LBNL also played a role in the daviighting design of the Pilot building and
~erveu ds a consuitant providing advice and confirmation cf t e glazing selection and day-
=il modeiing. The LENL group was instrumentdl in convinaing the leam © increase the
snvsical area of the clerestory window in the atrium in order to provide more illuminance.

- used Hadiance (the powertul daviight modaling tool developed by LBNL) to test the illu-
ance levels within the atrium at various points throughout the vear. Unfortunately, the light
. ; vredicted by Radiance in the atrium were significantly lower than what was shown in
the physical modet, a discrepancy that was never fully resolvad due to time constraints at the
ena o the proiect.

8]

wrea franta of the ENSAR Group also provided advice and design assistance to the team
on aiazing selection and daylight modeling. Franta was wm.traily involved in Phase | of the
project and then on the Pilot building. On the Pilot building, Franta assisted the group n its
=rst phvsical rmf‘eiinq tests and confirmad t ut tha modsiing procedures used by BNIM were
cunsistent with his techniques. Franta also contirmed that Ihe glazing selected by the design
am was the Dest choice in each .‘ocanon &l .d halped tha design team refine the design of
mie fight shell i the laboratories,

Allin all, daylahting design played a sigrificant role in shaping the building design at each
phase of the proect and in the team's efforts to ower the operating impact and the energy
use of the desian while contributirg o a quality environment,

I'he gesign team's goal to produce a quality Plus Ultra environmenit started with daylighiting
desian and continued with the integration of super efficient, high quality electric lighting and
controis. Nancy Clanton, of Clanton and Associates, was nwvolved in all stages of the proj-
=t and providad the design of the lighting systems for the Flot building that included super
aficient tixtures with -5 tHuorescent lamps and  daylighting controls. Glanton's design
approach centered on several principles (see laechnical Report):

rting source instead of relying solely on

=rovide direct/indirect electric lighting for comiortable working environments in the
nbs and classreems instead of relving on direct Eghting only.

# ncrease liahting lavels with task lighting tor special tasks instead of increasing the
ampient ighting levels.

light surtaces instead cf volumes in the genseral circulation area for a more
omioranie atmosphere

light specitic areas and events individually with regard t¢ thewr use and
character instead of providing a unitarmiy it environment.

Provide individual lighting control to the classrporms and laboratorias for
areater control and savings potential,

wide dighting controls to tum oft kghts when spaces a
edlor savings.

-
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The successtul integration and performance of the lighting systems to meet the goal of high
guality energy-efficient lighting with increased visual comfort also allowed the mechanical
endineers 1o reduce the cooling loads and dow nsize the: cooling systom

NIV Architects was responsible for creating the most energy-efficient envelope possible
wm in the Pilot building budget. nitially the tleam fcoked 10 alternative building materials witt:
high R-values 1o provide the thermal protection such as strawbale construction. However,
aue 0 code restrictions whert the project became a resaarch laboratory with a firm move-in
date, the team had 0 comply with existing building codes and rely on traditiona! building
materials. The team spent a great deal of effort (o minimize thermal bridging in the project
with the use of extericr rigid jrisulation and careful detailing. High performance windows wera
selected to keep heat 1085 in the winter to & minimum, Great care was taken to sclect the
appropriate glazing, tuned t¢ s focation and orientation to provide the right balance of heat
Jain or loss and daylight transmittarce. For example, in the atrium, which retied more heav-
Iy on passive stritegies for heating and cooling, tiple-pane windows with low-e coatings
nere selected.

Ag with any energy efficient-envelope, great care needed 10 be taken 1o ensure that prob-
lems with moistiire were not created as the building became more alr-tight. Greg \>l1€3luon of
BN investigated moistura migration through the envelope with help from Joe Lstiburek to
mitinate concerns of trapping maisture and causing mold growth or degradation within the
2xaenor walls (ses Technical Ppr:cmy In the end, a tight envelope was designed with high R
mlues for the roof. walls and basement.

since the Gallatic valley, in which Bozc man sits, 1s idea! for most passive stralegies it was
Uways a goal to uge passive heating and cooling stiategies to provide comiort. The original
National ReSource Center project was designed to be heated passively using direct sotar
aain strategies and cooled passively by capitalizing on the day/night diurnal effect and stack
Jentilation. Short-Ford Associates from London were ¢n the original project team to help with
pasaive cooling etforts as well as Doug Baicomb from the National Renawable Energy Lab
INRELY Tor passive heating.

As the project shifted
sites and focus to a
meachanically intersive
l[aboratory buliding, the
reliance  on  passive
systems was  dimin-
ished but not fergot
ten. The Pilot building
was  designad 1o
embrace wintar sun fo
“free heat” in all areas
o1 the building. while
rejacting summer heat.
Southy facing  over-
hangs and shading
devices werg integral
parts of the buiiding
sign.




e Pilot building was also designed so that the areas that did not need mechanical inter
ten and nigh ventilation rates were grouped fogether in the atrium. The large atrium
ace contared a collection of student oTud\/ spacas that were kept comfortable in summer
nomhu throunah passive cooling. To help dsesign the pas ‘;ivo system, lhe feam enlisted
saruch Givoni. professcr emeritus from U(\L_A andl author of several books on passive cool-
ing. fogether Baruch and the Performance team dasigned lhﬁ assive coclmq system tak-
g into account the size, density and location of thetmal mass, a availability and direction of
wand, and the amount of internal heat gains and external temperature during a heat wave.

-—

iner passive cooling strategy
reiied on nighy o ventilation
strateqles as temperatures at
sight drop by as much as 30
gedrees rFahrenheit (or even
more during heat wave te
peratures). During hot w:-,(n -
er, the building would remain
m “closed” mode during thie
uayime and would rely on the
g amount of thermal mass
incated within the building to
Keep lemperaiuras cool until
nahttime. White  initially  the
desar: feam tooused on stack
szntilation, this approach was
cnanged 1o cross  ventilation : Bl
arner Givoni compared the effectiveness in the repion and determined that cross ventilation
purged the budding of heat most effectively. The design team than worked with Givoni (o
Qesign, size, anda iocate mechanicaily operated onenings in thig east and west facades of the
atrium
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'he successiul desian and location of the opanings were canfirmed by wind tunnet testing
ot a physical model of the atrium using flow visualization techniques. The design team uti-
lized a helium bs_1bble generator and recreated design conditions in a wind funnel at the
University of Kangas to test and observe wind llow withen the building. Hatium bubble gen-
wrators produce neutrally buoyant bubbles that ¢an be used 1o cbserve air flow patterns
around or throwah a building. Aeronautical enginegrs helpad tha team analyze the wind llow
pallerns within the space and determined that the inlet and outlet locations successiully
ntroduced air so that all intermnal thermal mass would come in contact with the air stream
aecessary 1or niaht ventilation. The Performance team also developed a protocol for when
the system would operate, to protect the atrium from excessive wind, rain, and overheating
isee iecnnical Report).

Flow Visualization Model of: the
HiM Architects)
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Ferhaps the most important area for the design team to make inroads into sfficiency and per
cformance was n the desion of the mechanical system that served the Pilot building. As lab
uratories are wpically huge ¢ urmmmu of enargy, designing an integrated mechanical system
" hat reconsidered tradgitional assumptions and componeits provided the greatest area for
simprovement. The problem was made more significant due to the harsh winters in Bozeman
- and the large amount of enargy required to pre-heat the tuilding supply air. The Performance
team played a significar! rolg in the final development of the machanical syster, providing
input at multiple points along the way (see "A 'Plus Ultra’ Diesign Process”). The main design-
ers of the mechanicar system were Shawn Murray of CTA Architects/Engineers and Peter
Rumsey and Ron Perking of Supersymmetry.

[he team started with the fume hoods, sought passive alternatives to precondition makeup
air. set stringent pressure-cdrop goals, and designed a system to it those goals. This is con
trary to standard practice in which designs are compieted and the pressure-drop is merely
determined as a result. Minimizing the prossure-drep across the system reduces the amount
ol energy needed 1o provide the same unit of comiort, greatly reducing operating coste and
enerqy use. the team also agssembled a unigque collection of standard components to pro-
duce the mechanical systerm rather than “packagad” units from fewer sources. The goal was
atways 1o select the most efficiant equipment ior each particular function, understanding the
power of the overall afficiency when combinad.

The team continued 1o "buck” standard engineenng practice, which relies heavily on large
salety tactors that often co mtmo to produce greatly oversized systems, As the ”amho of
Natural Capitaiism state, thari “is no liability for inefficiency —only for insufficiency.” Instead
he team relied on tha principle of "rightsizing,” which relies on "measured” daza of eguipment
ity and size needed rather than rules of thumb. Rightsizing not only saves maonegy in
reduced equipment size, but aigo improves efficiancy as most mechan:cal’ gquipment runs
more afficiently when it is operating nearer 10 capacity. The team also tock serously the role
of diversity in fume hood usags, sizing the system to accormmodat: the amount of hoods that
stiouid be in use at anv given e hoods go into alarm when oo many hoads have open
sashes). For a more accurgle understanding of fume hood diversity the enginears spent time
with the building users to learm what diversity was acceptable.

i




the project was successiul in helping both _awrence Rer»«ﬁle‘\/ Matioral Labs and Fisher

mmilton develon hth/ efficient fume houdr that qrca Iv reduce the deLJHt of air necded

SMile maintaining or increasing user satety. EFary testing shows enargy reductions of

cetwean 30 and 8C percent while maintaining ¢ rztﬂmmm t, which could help redefineg the
naustry (see "achnolocay Transier and Selection”;.

team was able to eliminate system re-heat wit
= remngeration, and replace them with more efficient and pleasant radiant heating, and
svaporative and direct ground water coolina. The-Performance team managed to meet thelr
qoais of producing whnat they believe is the most efiicient Iaboratory mechanical system yet
uasigned.

hr\- the b, ‘ii’ii no and conventional mechan-

ks

lo ensure that the Rilot bwldrnq WO! Nc pou fom‘ as designed, the Performance team re-exam-
neq the CoOMMISSIoNINg process 10 measure and track builiting performarce over time. This
new COMMISSIONNG process went well bayond making sure f ya squipment installed is work-
ing correctly with “snapshot” component specific data. The Pius Ultra comm |"~5|ormg
pracess allows for continuous commissioning by performing tests and balancing of all sys-
toms at all load conditions continuously over the life of the system. In additon, the data
received is continually saved tor future analysis.

Lnce e amount of eneray needed for the Pilot building had been made as small as possi-
tig, the Performance team looked to include technologies that could provide 100 percerit of
he remamnina @nargy using “current solar and wind income.” Tha NIST grant supported the
agveiopment of a hybrid integrated solar collector developad by S(M‘ Design Associates in
snunction with Sunearth and Unisolar for the south facing “roof” of the Pilot building pro-
qsing both hot water and electricity (see “Te>f~"|r'|o-(J"}v Transter and Selection”). This 20 kw

i1 array is capable of providing between 10-20 percent of the building's elactricity neads,
~ beta demonstration of 1his new technology was instatied at MSU's Safety and Risk
Management Faciity in September 2000.

Axia: Fan Curve

CTA Architecis Engineers,
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Freion Exchange Memirang (PEM) Fuel Cell
iAvistaLabs,

The team aiso invastigatad the use of
ruet cells for electricity generation and
during the design phases of the Pilot
building MSU discussed a potential
mdustry partnership with Avistalabs
Avistalabs is currently in the early
stages ot proeducing a commarcially
viable: fuel cell for building powar, and
s planned that the Pilot building
Le a demongtration site for a hal
sion of this new technolagy.

in orger 1o comple
mg 100 percent :
reniewable anergy sources, the team
mitiated  discuskiong with . Gordon
Britton, who owng @ Incal wingd farm,
o parchase the remainirg 80-6
cent of the Pilot building's
neads. An agreement was reac

Power (who would provide i nission ared fly ash as a byprodust of their coal-fired piants)
or the Pilot building {see "The Future of Material Selection”). Tnese steps would ensure that
the building operg using 100 percent current solar and wind income—a major stép tloward
4 tuture of laboraloty buildings when comfort and performance are achieved with minimal
operating impact,

3 1o seck & partnership between Brmcn, MU and Moritana

sigr: and Perforrmance team's efforts to reduce the operating impact of
the Pilot building are impressive; A DOE-2 simuiation of the building design iilustrated how this
project may in fact be the moest energy-afficient lab building ever designed. John Weale of
supersymmetry creatad the DOE-2 model 1o evaiuate the predicted energy use of the build
My as compared 10 g conventional design. The Efficiency Metric Comparison table (fiqure
Z2.3.11 shows that the building uses roughly a third of the energy of a typical lab bui'ding in
that region. These results are even more interesting as the DOE run is dissectaed *further, as
figure 2.3.2 illustratas, which shows that the decision to passively cool the atrium, in addition

0 the building's other energy elficient features, accounts for much of the reduction. Figure

Ihe resulls ¢f the d

a typicai lab. This diagram ilustrates the greatly reduced impact from ventilation air and cool

ing wnich typically are the biggast energy consumers in the lab.

Ihe results of this reduced enerdy demand include significant redu.ctions in poliution genarat
ad over the Ite of the building and money saved by the university. Based on typical utility rates
n Bozeman, the Pilot building design would save approximately $120,000 per year over a tra-
ditional design. Over a 20-year period this would result in a $2.4 million savings, assuming
that utility rates don't rise (a coriservative assumption). The estimated first cost increase over
conventional mechanical systems was approximately $350,000 representing only a 2.9 year
Daypack!

Ihis is. nat the cemplete cconomic story however, as part of the mechanical systems savings
are attributabie 10 befter lighting systems and envelope construction as well as to the low
pressure drop HVAC system, The building construction estimate of $6.8 million breaks down
into a cost of 3220 per square foot, which comparas favorably 1o the current standard of $200
per sauare 100t for university chemistry buildings, resulting in an overall "green premium” of
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$628,000 in tirst costs. Based on the operating savings shown above, this will still result in a
payback of only five vears, for all of the "green” features including those that don't impact
gniergy. These savings do not take into account other factors thatl will lower the payback time
and improve the huildings economic performance, such as reduced maintenance costs for
ionaer lasting equipmert and fighting, and gains in productivity that could be expected due
to the project ¢ human comfort features {see “Improving Human Health and
=roductivity”). These achievements do net even inciude the gains thal would have been made
adl tume haods developad for the project ware used exclusively. Nor does it
igh- efliciency lab equipment, which was not includad in the project budget. Il
the super-gfficient fume hoods develcoped by Lawrence Barkeley National Labs and Fisher
Hamilton were used on the project, in conjunction with energy-efficient lab eguipment, the
results would have been staggering. It essence, the design team proved, thanks to the NIST
unding, that it is posaiblg 1o design a laboratory building that uses ony 15-20 percent of the
anergy of a conventional laboratony building white meeting tight budget requirements.

aueCcount 1or

e




URE OF MATERIAL SHE(}FION

ason B Mclennan + Sylvatica + CMPBS

bEverything we need, could want, could dream of is
nere on aarth in some torm, but the tragedy s we are
destroving the unknown potential of dreams to come
Very aay.

Janine Benvus, Biormmicry

“rom the very beainning of the MSU EPICenter project, material selaction was ong of the
most important aspects. The design team recognized that if tt,\,y were 10 be successtul in
cnanging the way buildings are designed, built and operated, then they had to start by
sxaininng the very things that make up owr buildings; brick, stone, concrete, glass and
wood, Additionally, the team realized that thel responsgibilities go beyond how these materi-
als are put together on a construction site, and that they needed to broaden their under
standing of materials to also include the following issues:

now ey were harvestec

how they amvvd 10 the site

# hiow they were manutactured

how thay would be disposed of when the building's useful life was ove

As part ot the "Plus Ultra” mantra that organized and shapad the project, the design team
identitied the current state of the art with reqard to sustanable matarials and selection
methodolodies, ang worked to identify ways tc improve upon the status quo in the arens of
resource ana energy etticiency, human health, and the impact of material selection on the
regional economy.

3
K3 #

B

Refore the Industrial Revolution, the materials that shaped ow buildings came from within a
smaii radius ¢t the construction site, ctten a distance of ng more than a few dozen miles
gepending on the material and its masa. Buildings during this epoch could be said to be
“bom from place,” shaped locally, and tied to cuiture and cliimate, But as our society invent
wd more and more ingenious methods tor carrying people and goods over large distances,
the: circle beaan o widen and materials once seen only near their place of orgin tegan to
spread tarther and tarther outward.

aday s surprising to tind any buitdings built prmarily from materials within a small radius
o1 e construction site. Increasingly, building materials arrive al the construction site from
cther counties and continents. As can be imagined, the crvironmental impact of shipping
materials over great distances is immense, The heavier and more massive the material, the
greater e amount of fuel consumed and pollution generated. Compaounding the problem is
the fact that building materials have alse become more complex over the last one hundred
saars, Where building products were once fabncated from simple raw materials that had
Deen altered in onlv small ways from their onginal torm (cutling and dirassing stone for exam
nier, now materials in common use are being made from hundreds of different chemicals and
goods, eacn from difterent parts of the globe.

vlure of Material Salaction
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Hintil very recently many architests and dasign professionals saw these trends as only a pos-
ilive thing. tmagine being able w install any material in your ouilding, from anywheare i the
world! Imagine the design possibilities this apered up! Building materials could now be ¢ho-
sen pased on th simpig criteria: how the product looked, how it performed its intended
mnction, and how much 1t cost. Architects were no longer hampered by what was available
weally, The problem was that a fourth question was never asked in the uele(*nor« process: 1o
+a responsible choice? This ane question raised a host of othars, How much waste was
genarated to produce a unit of the matenial? (Most materials in use are the result of aimost
ten times their weichl in waste.) Just as the simple stroke of the architect's pencil had rep
resented a commitment in \glun@, steal, and conorete, it was now understogd thar it also rep-
resented a commitiment (o ozone-deplenng chemicals, ground water pollution, global warm
ing. and acid rain. These are e typas of questions absent for so long from the material
specification process. ..

oy

Should matarals be selected that look good and are cost effective (when defined
by traditional economics) but are the cause of serious water and air pollution with
by-products known ¢ cause cancer?

.qh(: Hd materials be selected that have been made from ingredierts from all over
he qlobe when there are better local alternatives?

shouldd materials be used that cannot be recveled or broken down under natural
processes 1or thousands of years?

What is the impact of material selection on local economies when resourcas are
viewea only as valueless inputs —valuelass, that is, until they have been converted
into useful products?

Lintorunately, the ervironmental probiems associated with the current methods for material
selection do not step with the enargy it takas to transform and transport materials.
increasingly, designers gre realizing that the materials they specify also have a significant
aftect on human healtl:, More chemicals are being used in the manufacture of building mate-
rials than ever batore. These materials, combined with poor ventilation and cleaning meth-
wds, are creating sick buildings and poaor indoor air quality.

Ihe EPICenter project emerged as part of a larger movemem based on the belief that it is
time to consider whether a building and its materials were ‘responsible choices”—a key
issue in the “green” architecture movement. When the EPICenter project began in 1993 thare
was a serious shortage of m\}rmqhorx related 1o the environmental impact ¢f the mate-ials
architects specify for their buildings. In addition, the knowledge of what made a material
‘green” was facking. Since ﬂn) start of the project, as in many other disciplings, the amount
ot information available in this particular area has explodec. Information does not knowledge
make. however, and architects are now confronted with: trying to stay current on ever-chang-
mg products and teir impacts while wading through a sea of misinformation and biased
product literature. Architects working within limited budgets are now also faced with the cral-
ienge of prioritizing which matarials will do the least harm. Many so-called “green” products
are overpriced because they are viewed as expensive cpeclalty items. The process of iden-

tifying the most appropriate materials for a building, not 1o mermrm taking intoc account all
four questions set forth above, is a daunting one and often leads to poor choices.

Basad on this reality, the dasign eam set some speacific goals for material selection on the
ERICenter project. These goeals have subsequently helped to change the industry's undar-
standing of the issues related 1o material selection.




wza the value in regionality and take respongibiiity ‘or asking the previousty
driggreo gueston: was it narvested and made reshons bly?

wgs harmful i the environment.

Support e development of new materials that ar

g Deavelon new wavs of selecting materiats that take ntd account all impacts in ali
dages of s lite.

# Exammne e impact of material selection an Auman healtt
L ietarming the iImpact of material selection on locat echnamic vitality.

EHeD designers pricdtize their environmental material selection and develop tools to

0 50,

simpract onindoGr and ambi-
sity, cullyre and economy,
th,, Hadegradable, non

T Expand the material selection criteria bags to/inch:
ent anr auality. eneray and resourcs af
and whather the material is durable,
e, and tree of mutagens and enclox

At the initial Phase 1 qoal setting charrette, a 1880 qudté fi
ntitied as a guiding principle;

"The only reason we now ship raw materials like bauxite or nigkal of coppier across the pian
~tis that we lack the knowledae to com@rt Iocal matarialé Hm u able substitutes, Once we
soquire that know how, Turther drastic s 1v.nq“ in 1re N owil resull. In short, knowl-

“ige is a substitute for both resources and shipping.”

aigct the notion that materials should be
_,M,,qm Trom d“ over *h€ Wi »rI 1| We THCI’D’OW herk‘ by:idrawirg a 300-mike radius around the
prolect sie.

wilkin this 300-mite radiug the design team proposed 1o captire 90 percant of all materials
Dy weiant used in the buikmq. The team realized thal soma materials essential to high per
rormance were cdrrently not available within that radius but that a grest deal could and
shouid be specified from the tocal economy. In place o‘f malarials from all over the glnbe the
team substitutad intelligence in the form of scicntists, building ecologists, engineers, and
mmtedo trom-all over the planet, understanding ““nt |dra» can be transported thousands
ot miles usIng modern communications with little ar no environmental impact, This collective
ntelligence, the leam believed, would allow NIST grant ¥ 2op and fund better per
rorming materials and material selection methocclogles, Thi sept as simple as it sounds
wAs a new one 1o e duiiding industry and quickly adoptad e "greer architecturs move-
ment” as a paramount strategy for sustainable buiiding. The simple radius diagram shown in
tiaure 2.4.1 bch-;’mn 1o appear in books and in magazine articles all ovar the country. Most aig-
niticant was 1he US Green Building Council's dacision 1o use thé concept as ore of its
‘points” in its Hv LD {Leadership in Energy and Frviionmental Design) rating system that
measures the environmental performance of buildings.
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Within the selected radius arm then worked to creats new building matenals with small
arvironmental Impact oy usng resources from the loca! waste stream. The {eam was suc-
crssTUl on many fronts,

The tirst success was in developing a new concrete masonry unit using waste fly ash from
the Corette energy genaration plant in Billings as a binder and ming tailings from the iocal
Minerat Hill mines as aggregale. "hesa materials, both from the local industrial waste stream,
staniiicantly reduced the amount of Portland cement and virgin aggregate normally needed
o make the product. The naw product alse reduced the amount of waste localy while
mcreasing the potential of tha local economy to produce naw products. Hy ash is a by-prod-
uct o1 coal combustion and is baing used increasingty as a substitute for Portland cemerit in
concrete mixas, Tne MoU ERICenter project was important for raising the awarenass and
acceptability of using iy ash in concrete mixes. The environmental impact rom Portland
cament producton worldwide is staggering (most notably COZ2 production) and this program
proved that it was possible © create the same products with iess environmenrtal impact.
Jarry stephens, a civil enginaer trom MSU, was instrumental in testing the performance of
these new malerials, In addition, the tessons learned from this powerful example of industri-
al ecology were tfranstaralbls 1o other regions of the United States. Industrial ecclogy is now




L3ra20n

L ing field worldwide, based on the notion that in naiure there is no such thing as
waste (waste = 1cod). similarly, there should be no such thing as industial waste because

=0 by-product trom an industrial process shouta insome o ba useful 1o another indus-
1y, Induolrlal ecology Tocuses on grouping industries 1oge that have synergistic benefits,
wrehy regucing or eliminating "poliution” while maximizing efficiency.

5%

Tee EPIGenter preject proved that itis possible to help indUstial ecology efforts get ol the
arouna even on the scale of a single project h» provicing an instant market and testing
mnds 1or newly developed products. The Phase 1 project, then called the National
Rebource Center, took this concept even further and m(““‘xr‘!‘:j spaces for the development
aned testing of new regional matorial‘“ While the h a ‘Center concept was not
Mn\/ developed and the focus of tha projac uin ted over time, l* hower of the original con-

SDU remains strong. here remaing a dermand tor regiohdl 5 ocated strategically
around the country that can provide the resources and space necessary for companias to
OXPIONe anag @st new matenals.,

‘unit manuf

Ihe attorts ot the oroiec leam 1o create new lower-impact materiais from the waste stream
ol Montana while :ncreasirg the potential 1or a6 =mm:c ”i welopmant did not stop with the
geveiopment of the tly ash concrete biocks. The project tunded the development of several
Siher new products and processes incit _Jd‘ng.

= Fly Ash Composite Stone. The project awardad a research grant to a smali compa

ny rom inree Forks, Montana, called Headwaters Composites to develcp a new fly ash
sompesite stone product that may be used for building cladding. This product uses 100 per-
=nt iy ash in licu of Portland cement and resveled glass ffom the Montana waste stream

"\s,mad of trachtional agaregate. The result is an exlremely clrong and aftractive product
aesianed 1o be showeased in the EPICenter Piiot buitding  Headwaters plans 1o markel the
product commercially in 2001 and is alse considerng the idaa of selling ready mix “bags” of
irie product tor on-site use, barly testing suggests that the maglarial exceeds the performance
ol conventional Fortland cement products in several catagories, most noticeably in its com-
vressive strerath which maasures close o 10,000 psi. This has been a highly successiul
exampie 01 how the NIST grant suppoerted the iocal Montana economy while minimizing anvi-
rormental impact (see Technical Haport).

= ASI LOMPOosite Song
(BRI Architects)
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s Ash Goncrae
‘Heacwaters Jo

P Fly Ash Concrete.
Norkirg withi Jerry
B stephens, the feam con
finued the ideas first intro
duced with z‘lne concrete
DIGCK project te develop
deal mixes for creating
podred-in-place concrete
walls that use By ash as a
binder instead of Portand
emc,m it is plannad to
this  new
process in the Pilot build
ng. Similar o the
Headwatars product, early
tes tmq showed very prom
Bing results inoafl cate

Jories  of  testing  (see
fachnical Report).

Cast Earth. "he 1eam solicited the hetp of a building pioneer from Prescott. Arizana,
Michael Frerking, 1o do further tests on a material that he and a cnemist developed and were
using tor residential constructicn in Arizona. The materal, similar 1o the flv ash concrete, uses
no Portland cement but mstead uses calcified gypsum az a binder. Like fly ash, gypsum is a
waste product rom industrial production but can aiso be manufactured. Test resulis showed
a material that had good strangth, atheit considerably weaker than traditional concrete. This
'WOQuL,t is very promising in many applications where high strength concrete is not needed
and gypsumt can be fou nd in the region.

riginally the team was intrig, with the idea of using the excavated earth from the site in

th@ new walls for the Pilot bu ) but fourd that the soil content contained too much clay
acidition, "waste” gypsurm was not found within an acceptable radius of the building site.

lecause of this the team docided not to include cast sarth in the pilot building design.

Stress Wave Analysis. The project funded research to determine it stress-wave
is could be used an standing timber (o non-destructively predict the quality of the lum
bb that could be harvester, Strass-wave analysis is a process currently used by the indus-
try to determine the auality of wood once it has been harvested or to determine if there is
miternal decay on existing structures. Researchers at the University of ldaho's Department of
Forest Products teamead with Boise Cascade to dev lop techniqueas for analyzing the guality
al timper prior 1o cuttirg the trees down using stress-wave analysis. Early test resuits sug
gest that the process is very promising for the wood preducts industry to reduce waste and
mprove the optimization of timber resources.

While ¢r ntmu naw materials from the Montana waste stream was a signiticant componerit of
Hw team's efforts an mate porhiaps even more important were the efforts to develop a
ool that could helo aschitects understand the true impact of their material choices, as well
48 prortze and eva > aiternatives. To do this the team realized that it needed to take a
scientitic approach to materal nelaction and understand all aspects of @ material's fife cyole.
This process 5 knowr as life- f*vcle dl al vmq or life-cycle assessment (LCA! and it acknowl-
dges that each phasa of a material's He is responsible for a certain amount of pollution and
energy consumplion.

E




Lie-cycle analvsis consists of the following four ohases:

“EPRTREARY

Resource Extraction and Manufacturing

The upstream phase refers to impacts caused
by the manufacture of the material and all its
sub-ingredients prior o conztruction, including
the: material's transpaortation from |tq point of
am phase is someatimes iofonmi to as the “mbmrhed energy phase but in

REFRAGE EXTRAG H0rs i ]":A\V‘.J‘hﬁ.’?‘

)i
Kl

orn, [he ups

tact it deals with issuas b@\mnd energy use. The upstream phase is usually the most mis-
unaerstood phase of lfe-cycle analysis bomm«» mnd@r buqu rmte rals often have an
mcredily complex story with many tiers of chemic
the earth.

saks and raw materials from all comears of

H On Qlte Construction
The direct phase refers 1o impacts Caused by the construction of the
building, including the final transportation of the material to the con-
struction site, equipment and power used in construction, and all site
AN - impacts. This is usually the omalle a1 impact phau(- but one in which
architec t can havo a greal deal of influence. A sin mount of anergy is used during
onstruction for generators and temporary construction orocesges. Also significant at this
slage are afforts to handle site waste managament, It is impoitant 1o note that carefid order-

”

b
it

ma proceaures and specitication language can go a long way o reducing the impact of this
phase.

! BEEHSTH
Occupancy/Maintenance

e 1 NE TOWNSIEAM phase refers to impacts caused during the operating
TEEEiue RE val life of the bulding, otherw e knpwn as the usage phase. This phas
L =i o IS generally the most important phase of the life cycle relative o envi-
' ‘;Lj‘jmmg"ﬁ% ronmental impact. in terms of the amount of energy required 1o create
a wypical building, it otten takes 10 to 16 timc}s that amount 1 heat, cool, light, and maintain
the same 1acility over the course ol its operating e, This is responsible for the princi-
pie of operating energy taking precadence over ambadied dy. However, as our buildings
pecoma more and more efficient, the proportonal impact of the downstream phiase
vecumes smalar. naoor air quality issues also play an important role in this phase.

fers Lo impacts creat-
mg g 'cs:enjl life is over, includ-
ing the den‘m:-lmzjm of the building, and the

e, recyeling, or disposal of its materials.
st bulidings 'uday mmmn tew materials san be salvaged orrecycled, or, if they do,
ihey are not put together in such a way as o fagiitale re-l or recyeling.

the £PICenter proiact was one of the first projects in the LS 1o take a holistic approach to
rAateriat selection. barly on in the process the corg; tearr used local experts on materials
isteve Loken and Rod Miner) but in the end focusad its wark with the Center for Maximum
sotential Building Systems (CMPBS) in Austin and Sylvatica in Boston. Tagethar with BNIM
this team deveoped a new tool called Baseling Gireen formaterial selecton.

The Future of Material Selg
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In order to develop a tool tha: addressed rraterial selection from a full life-cycle perspective,
the design team ncluded Pliny Fisk and Rich MacMath of the CMPBS {pioneers in the green
architecture movement), and Greg Norris of Sylvatica, a leading indushial ecoiogist from
Harvard. This expanded tearmn, with additional input from Boh Berkebie, Jason MelLennan
and Date Duncarn of BNIM, developed Baseline Green, a powerful compuiter prograny that
allows designers to priorilize malena’ environmental impacts, benchmark environmental per
rormance, and rml 2 irformed, holistic decisions that affect the environment and the econo
[Ty,

¢ design team used the initial development of Baseline Green to shape the decision mak.
mg of materal seiection tor the Pilot building. The final version of the tool was completed in
Tme 10 gauge ne periormance of the preject compared to the baseline "typical” building with
the came programmatic and budget reguirements.,

Paseline Green allows project commissioners or designers 1o conduct an upstream environ-
mental analysis of project inputs at several stages during project desiagn, starting at the con-
ceptual design stage where design freedom is greatest. 1t first groups the several hundrec
riputs 1o a building by system category using the popular Uniformat Il categorization system
m order to aid in summarizing resuits. Next, it estimates the share of upstream environmen
tal burden due to each input using life-cycle assassment (LCA), based on detailad maodels
Ftheir supply chaing and the poliution emitted from each sector of the economy. The results
are used to identitv which budlding systems make the highest coniributions to the total
upstream burden of the project. and which specific inputs within each category rank highest
1terms of the envirormental improvement leverage they provide, allowing designers to pri
uritizes where to spend their time ang money 1o lower impact. The results can also « wnon

strate the economic impact in tarms of jobs created by the selection of one building materi
al decision over the other by ion, county, or state. Decisions can then be made 1o prior-

itize materials that minimize mmmor‘ while maximizing job creation,

Ihe upstream LCA s accomplshed using a model constructed entirely from US government
data Databases trom the US Department of Cormrmerce describe the hundreds of mputs to
each of over H0 distinct types of new and maintenance and repair construction grojacts,
from new hospitals 1o repair of electric utility power plants. Dther databases fron: the
Dopartment of Commerce mrwid@ q~Jamitfa‘fivo modeals of the supply chains of each project

iputs specitically, how much of each sector's nputu are used Iry all other sectors in pro
ducing their producta. A third get uf databases comes from the LIS EPA, and quantifies the
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reledses 01 polulion from each sector as it produces its products, The three sets of data
Dases have bean combined 10 create an input/outnut ife- cycie assessmant sy tem for eval-
uanng detailed inputs to construction prejects of all tynes.

A sdmple OUIpUT at the category summary level from Baseling Green is shown in figure 2.4.2
ana ngure 2.4.3 tor the MU EPICenter project. In th.s apptication the ool has halped the
aesigners 1ocus thelr energy on the inputs that matter most tor that building type. A surpris-
1 aspect of the rasults is the relative |mp‘ wtanca af soma of the 'ess mas 7S|ve input cate
gores, sucn as electrical, HVAC, and interior fir nfhw

another surprisa s the importance of some "service sector” inputs. This category includes
tricity sold directly to the construction industry from elactric utilities but it also includes
nputs o e project from protessional service sectors, such as architects and enginears.
Racall that tor each input 10 the construction sector, the meths \d parforms an entire supply
chan die-cvele assessment. Thus, the environmental burdens of Architectural Services
mciude an astimate of the poliution from manufacturing ali the papo office equipment, elec
mcity, and so-on used by the firms; it also includes Lasiness traveld by A and E personnal,
ang an apportoned share of the construction and renovation of office space for the indus-
try itselt.

sigure 2.4.4 shows the major components of the “Services” caleyory. The rasults indicate
that together, inputs of architectural and enginecring services (and their supply chaing)
dacoount 1or 1our to ive percent of the total upstream air polluton burden of constructing a
buiiding tike the MSU EPICenter. To put this into perspactive, this is roughly equivalent to the
air poliution burdens from all electrical inputs 10 the construction sector for the same proj-
=cb i also rouahly on par with the air pollution burden of manufacturing the structural steel
for average projects ot this size and type. this suggests that stiiving for more sustainable
arcnitectural projects means reconsidering the ways in which architectural services are
deltvered.

100%, Figure 2.4.4
. L Upstream Air Paiiuton Shares
S S ® b S0% of "Service” nputs: MSU
e Sy 0% EPICenzer Pilot Buﬂding
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cment (DY, This i

s {materials, produc

Haseline Graen g signed o iteratively support and relale to the project dasign
process as It moves from rmg jramming through schamatic design (SD) to design develop-
weractive ml&tinnship is iilustrated in figure 2.4.5.

After programming, Bas nlu w Green uses databases, which desoribe the full bill of inputs

5. 25, and equipment) o construction pw}ect“ of over 50 different
types. Ihis Hormmmn i u\“r‘d Lo create an initial report identifying the key poinis ¢f envi-
ronmeantal leverags tor the designers to use during SD.
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e 2.4.5

ative Envirormental Design
finement Using Baseline Graen
CMIPBS + Sylvatica + BNIMI

& i :Eif ca-

T

achematic desian produces the 5D specification, which is then used with Baseline Green to
provide a project-specilic input prioritization analysis. This can be aptionalty combinad with
an assessment of the regi tm( Fand national economic impacts of the project specification in
order to begin sustainable development evaluation —looking for environmental and econom
owin/win project design aspecls. Thase are inputs to the desigr development phase.
A further iteration wity increased detail and refinement occurs between dasign davelopment
and constructon documents. At this stage it ig also useful to compare the project's envi-
ronmental and accnomic parformance relative to national average performance for the proj-
ecl type. This benchmarking analysis car also be performed earlier during the des an
process. An example of now Baseline Green can analyze the economic impacts of “green”
materials is demonstrated in an analysis performed by Sylvatica of the dacision to use the
Headwaters product in lieu of conventional precast concrote elements, As mentioned earli-
Headwaters is producing a new product close to Bozeman made from recycled glass for
aggregate and Iy ash instead of Portiand cement. This analysis showed that this decision
did indeed reduce pollution in all studied categories while increasing wages within Montana.
Not surprisingly, wages were reduced outsde of Montana as a result. Baseline Green is an
attective tool 1or local and state governments to prioritize economic investment to attract
pusiness locally, while minimizing pollution nationally.

wylvatica, BNIM, and OMPES will be using Baseline Green to evaluate environmental and
economIc periormance of some of thair projects currently under way. These initial projects
will expand the iessons tearrwi rom the use of Baseline Green on the EPICenter project and
allow the team to continue ¢ improve and expand the capabilities of the tool, As the tool
continues to be refined. these irms plan to ofter Paselme Green services 10 projects around
the country.




ae turther sten that the team took was 1o investigate the potential of balancing the amount
oroarbon gioxide that would be produced throuah the construction of the building with: the
amount that could be “stored” within the buildings structure and components using the
areenBalance technique developed by the CMPBS. Rich Mchath of the CMPRS performed
the GreenBalance analvsis tor the project.

areenBalance assessment attempts to ‘mass balance” the upstream (material acquisition
and manutaciure lite-cvcle stages) emissions witl the downslream {use and post-use  life-
cie stages) "sink” capacity of a given bu m‘iuu assembly, component, or material. The
oomctlvc is 1o delay, mitigate, or, in some casas, countaract external environmental burdens
ang melr associated societal costs by using long-life, reusiable “sink” matarials and products

denvec rom renewable and recyoled/by-procuct sourcas. For the MSU EPICertar Pilot
building, the assessment focused on CO2 baiancing of the two nost significant building
aroup elements in terms of upstream COZ emissions. Suparstiucture and  Building
Crvelope,

Ihe GreenBalance assessment was conducte

typica: structural bay of the Filot building' °"qu‘! facade was selected as the
= Duperstructure and Building Envelope agsemblies to be examined in the CO2
Daiancing study.

hie weiaht of all the various materiats and products used in the Superstructure and
Ui qu Envelope assemblies were calculated (Lising Iho 25 percent consiruction
joccuments).

Ising carbon dioxide intensity ratios (CLIHS) for each matarial, the nel upstream
02 emissions tor each material and product and for sach entire assembly ware
esumated

Materials and products with lower net ugstreamn CG2 emissions or with high
arbon content (L., high CO2Z sink capacity) ware substituted in the
sdperstructure and Building Envelope azsemblies.

Tha net CO2 emissions or sink capacity of the revised Superstructure and Building
Fnvelope assembiies were estimated.

The revised design of the Superstructure and Buildirg Ervelope assemblies incorporated
materials and products that a) used a high percentags of recycled or by product materials
i jower upstream COZ emissions and/or b) were carbon dioxide cink materials, (i.e., con-
ained a hwan percentage of carbon content}, stich as lumber and fiberboard manufactured
o renewable sources. The revised designs did not achieve a net COZ balance of zero.
However, the net CO2 emissions of the buperstructure were reduced by more than 87 per

cant (rrom about 32,500 b, to about 1,100 b)) and those of the Building Envelope wer

rsgucea Dy aimost 85 percent (from 11,220 1. 1o 1,670 1),

ine team aiso relied on and investgated the potential of other  lite- cycle assessment 1ools
tor use on the project. The first such tool testen was Bbbs 1.0, developed by NIST 1o
ddress issues of environmental and economic impact on the material selection process.
3 a product-versus-product decision support tool. Untortunately, BEES 1.0 contained
sy a lew products inits database and there were concerns about the validity of the sup-
poring data since an undetermined amount came from L,uopo’ar‘ souUrces and was there-

Gl
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fore ol questonable relevance t siect in Montana. After mnitial invpstiqmi"ns into iT‘
potential the team ceased s use or: the project. The newest version of BEES containg
expanded database and it will hc, evaluated for use on subsequent projects,

the materials tearn also prototyped the use of a LCA tool developed by a Canadian group
cated the Athena Ingtitute. At m;m is a whole-buildging design decision suppaort tool. The
Athena databases og‘rr;nalﬁod US and Canadian enargy production and
Clanadian data tor [ y Fat shares many similarities to American production
processes. In fact, a qu) mi e radius cxtunded from Bezeman takes in parts of Canada xhﬁ
had regonal information available. While the results are not exact, this similarity and prox
ty provided the tearmn with n.«muﬂh information to observe trends and prioritize material salec
fion based on the results. Tha design team alse found the whole- bluljn q design capabilities

ther tool worlh testing and applyi ng to the project. The Athena ins g is laurching plans
1(: oroduce a reaionally foc 1 and publicly available US databace fur use by all LCA-based
puilding desion ools (e.g. BEES, \th ana, EnVest, etc.) in tha US.

are oo

Ihe Athena tool was used by the desian team to make design decisions on the structural sys-
tem tor the Pilct building. In fition, according to the results of the initial base lining process
in Baseling Graen, the structure ranked Tifth out of twenty, for both otal upstream toxic releas
s and air poliution. Since the Athena program contains detailed LCA data for specific struc-
tral assemblies of different materials, it was particularly useful for measuring the full impact
o1 the desian svstarm.

e report analyzed walle, baams, columns, floors, and roofs ard described the impacts
associated with using concrete, steel, or wood based systems for each. It was interesting
that a clear winner did not ernerge across all impact categories as might first be expected.

the rasults in figures 2.4.6 and 2.4.7 show that different winners emerge depending on the
puilding component being analyzed. For beams and columns, concrete and wood outper-
torms steel greatly i each impact category with woodd puformrrw) slightly better. For f’uor
and roots, steel and wood do much better than concrete with wood the slightly better
rormer. For Hloors and roofs, steel and wood also cutpertormed concrete q eatly with waod
generally emerging as tha best choice as well. The full results of this analysis ara includad in
e ischnical Report, but it is important o remember that these results will vary dopﬁmdmg on
e region, as each region has different sources for energy generation (coal, hydro, etc.) and
different transportation distances o the resources needed.

r:lfbax air tox water tox sohd waata
WaTNING erv impact
Taure 2.4.6

Amnena sL.mmary Results
o Beers and Columing
{fmena)
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s0Hd waste

Summary Rasuits
> and ooTs

ne rRASONS for diferent winners emerging depending on the use, it not immediately obvi-
N, Make sense upen closer analysis. On a per unit basis {pounds ete.), steel has the high-
=311mpact {even with recycled content), followad by concrele and then wood. However, in
many cases, o takaes 1ess steel to perform the same job as oconcrete or wood, because of
ita qreat strength, and theretore it can compete envircnmentally. in situations whare the
amount of steel 1s closer to the amount of concrete or wood needed to perform, steel will
then have the higher impact.

ror example, usng concrete, steel or wood tor columng on the Pilot building required

2AUMNS o1 Nearly 1Identical size and mass and this exprained why stael was the poorest per-
ormer of the nree {due to 18 high-per-unit impact), Where it is used sparingly, such as in
steel stud walls with gypsum board sheathing, steal will perform much better than a solid
ncrete wall iwhich reguires a areal amount of concrele and reintorcing steel). This exam-
> aise illustrates the importance of viewing material selection in the context ¢f its whole
ausembly, which may nclude other matenais thal dramatically change he environmental
performance. Buiding materials atter all, are not specilied ty work ir isolation and should be
maivzed as part of a wnole syster.

<

x5 g 1881 bed 1or the development of the Athena toct and database the EPICenter project
nas provided a valuable case study for the industry. In the words of Greg Norris, "The team's
Lse of the Athena tool at BNiM in July ot 1999 represented, to our knowledge, the first prac-

i =y

commercial application of LOA to real-time, interactive building decign refinemant in a

2OIK 8essIon combining architects and LLOA experts.”

Several lessons were reinforced from the use of the Athena tool:

ine vaiue of auality regional construction data

he value of materials such as wood that require little transtormation from raw
matenal to tinished product

ihe necessity of viewing materals as part of their 1otal system

The Future of Materia: Sexection
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ne project did a great daal o advance the knowledge of sustainable material selection for
buldings. From its material racius concept 1o Baseline Green, the EPICantar helped 1o break
‘hrough barriers that puilchng designers face in choosing the most appropriate matarial for
the job. The proect also did a lot 10 heip diversity the local economy, minimize waste, and
add value 10 te materials, where formerly there was none. The next chapter,
“construction Methodologies” daescribes tha team's efforts to further reduce waste durirg the
sonstruction phase of the project.




UCTION METHODOLOGIES

Phaedra Svec AlA B

Yo create an encuring society, we will need a system
Sf commerce and proguction where each and avery §
act is inherently sustainable and restorative.... just as
=SVery act I an noustial sociely leads to environmen
gl dagradation, regardiess of intention, we must
desiagn a system where the opposite is true, where
good is like talling off 4 fog, where the natural, evary-
day acts of work and life accumulate into a better
world as matter of course, nor a matler of conscinus
Altruism.”

Haul Hawken, The Ecelogy of Commarce

Jhen the life-cycle impact of building materials is studied for the "direct phase” during the
onstruction of a building, it becomes apparent that the traditonal construction process is
inherently wasteful. Many commaon construcltion practices unconsciously magnify the envi-
renmentai impact of the building while contributing rothing of value (o the built environment.
Fhe best material selection processes will not realize resource efficiency if the “green” mate-
nals specitied are cut from the buaget, modified in the field, or i significant amourts of the
materials are wasted during construction.

ihe: desian team 1or the MsU EPICenter project applied “Plus Ultra” methodology to the con-
struction process inan attempt to identity and minimize wasta. The team sought to improve
on the traditional bidding process 1o encourage environmental practices and allow for the
: ivie and compelitive use of public funds. The team worked Lo bring contractors into
ollaboration process early to fuster commitmant on their part to build more sustainably.
ihe team aiso souaht to stimulate ocal industry 1o meet the environmental demands of the
project and at the same time minimize regional waste.

Thie construction process is inherently wastetul because materials are often shipped from
arezat distances and come with excess non-reusaizle pac In case of damage during
ransportation, materials are often ordered with irtended overages. Sometimas materials are
nandled improperly on site and are exposed to conditions that spoil or contaminate them.
CONractors also anticipate that architects will not dasign g standard modules or com-
ponents. they often overcompensate by or i material than may actually be need
=1, When asked, material g ‘g B omusenme

suppliers rarely otter to take
pack exira materials. Lett-
cwers dare thrown into a
aumpster along with all their
packaging ana navied to
the nearest landtill. where
tnping 1ees typically cost
less than it might cost
precess e waste for recy
cing.  All the  embodied
cnergy I raw materials,
puilding  products,  and
packaging is lell at the bot-
tom of a heap of consumer
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wagte. it there is demolition. bullding materiats and site debris join the waste heap and con-
fribute to the ioss of embedied energy and habitat. Meanwhile, usable materials like the fiy
asn from the local power piant and wheat straw from surrounding agriculture are wasted
Jorg with the rest. With the EPICenler project and the NIST grant there was an opportunity
o cnange this pattem

wvaluate wasle in the construction process. Two goais of the
project were to dew@iop strategies tor converting wastes inlo assets and to stimulate new
2an” industries and skills related 1o sustainable techinologies and construction. There were
several opporiunities withir: the EPICenter project for smprovement:

“he dasign team zet oul 10

# Minimize the amount of waste created through design efficiency.

¢ Design integrated maeduiar building systams that will not easily be isolated and
substituted.

Levelopr new bulding preducts made tfrom regional waste products.
Design o the easy disassembly and reuse of building systems.
FHeduce embodied encrgy by using products that are made from recycled content.

Hesponsibly manage construction waste: reuse and recycl

Make waste management intuilive, prefitable. and practical.

-oster education, communication and participation between all parties in the
SONStruction Drocess.

# Heduce energy use during construction.

Minimize negative site impact.

¢ Use construction cleaning practices that do not negate the indoor air quality goals
ang relatecd matenal ub|t,/C1|-./H efforts,

Ke-examing the bidding process to ensure that the low bid is also the best value.

When time s money on most projects, contractors and designers don't feel thay have the
luxury to think about the best environmental solutions. They forget that the best sclution to
most environmenal probiems mignt also e the most economical, efficient, and elegant solu-
fion tor the buillding as well. Wall layouts that correspond to standard stud lengths and
sheathing sizes save time angd monay 1o orm,truﬂ they utilize ail of the material. They sim
piity the estimating process and lowar the price. If designers are knowledgeabls aboul the
materials they specity and how they it into a Sy%tem itis possibla for contractors to use the
materals efticiently and minimize waste. While quality contractors will "measure twice and cut
.nee,” itis much easier it they do not have to cut at all,

It is possible to achieve variety in patlern and module if the designer dlilizes standard sizes
and components. It is only whan the designer varies from the standard pieces available that
a pristine pattern on paper Becomas compromised by what is impossible to build i reality.
Awlkeward detaills add labor and expense that oflen lead to modifications in the field.




sometimes those moditic { £
o desianers with a rich understanding ot the construction process drd of the materiais
heyv select.

s natural that contractors and desigrers repeat what they know 10 have been the most

wrvernient soiuton i the past. The status quo becomes a problem when the most conven-
£t s0IUlion 1N the past 1s not the most appropriate solution tor a new ¢r unigue design chal-
ienge. For gesigners and contractors to de things that are less wasteful, the proce s of
coing the right thing must be intuitive, When a designer suggests a change to the status
». the new method must be as convenient as the old - ol Taking the time o come up
fi the most elegant solution tor each new desian challenge gives designers and contrac
fore g range ot choices to make instead ot one n;—lbi ual method that may not fit each situa-
ron. 1he new motto for desian and construction neads 1o ba: "Think twice and do it right the
arst time.”

v

the desian team for the ERPICenter Pilot buiding worked 1o design with modules and sys-
Mg, Buiidng elevations were designed using standard window modules, Later in the
cesian process 11 was discoverad that the insulated metal panels were an awkward deotail
pocause the panels filled the space lettover patwean gtandard wingow frames and structur
A glements. The overall system could be greatly improved it the panel module were also
taken into consideration as part of the system. Using standard modules results in fawer joints
£ cause problems with moisture and maintenance. The use of a u.arwﬂard-unzed paneal also

gave the manufacturer more fatitude in experimenting with recycled metals, Custorn panel
es would make that kind of substitution cost prohibitive. The use of standard modules
would make the manutacturing time a constant s¢ that more fime could bhe spent customiz-
ng the detail between the insulated panel and the window hame system,

Jier

i 5ign team aiso used modular lab casewcork components that utilize a flexible partition
1 tor overnead shelves and eauipment. Tne partition cairies ail the services for the lab
”a[wn s0 that the casework can be easily disassemblad and reassemblad as the needs of
he izb change over time. The design of the lab benches was consistent and deliberate to
creale universal nexibility and to maximize the efticiency ot installing lab services.

~a important as having an understanding ot how (o use materials effectvely, it is alse impor-
tant 1or designers 1o select a pallet of materials that balance the eccnomic, social, and envi-
iunmental pettormance of the project. 1he design tears for the EPICenter project developed
petier ways ot undarstanding the  lite-cycle impact ol those materials. The team leamed the
viilie of selecting recycied materials and materials mada from regional waste products. This
aiscussed more in ' he Future of Material Selection.”

construction Metholodies
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ihe EPICenter proj

s a ':)il-'*t project for testing new construction technigues. The team
knew they woud lace the challenge ol convincing contractors and material suppliers to go
outside their comfort zones. Contractors have learned to allow a contingency for areas thal
are UNkNown andl pe stentially more expensive than anticipated. Sometimes the dids on graen

puilcing projects turt out 1o be highar than the cost estimates. This often contribates ¢ the
rermoval of “green” budding technologies from the project during a "value engineering” phiase
betore it can tridy be determined whal they would cost to build.

When contractors are to go inte uncharted territory, there must be: enough information avail-
abie tor them to make a seif-contident bid. The easiest way to do thal would be to select a
contractor early 1 the design process and include them on the team as a partner. Mantana,

nowever, is a low bid state and bidding regulations require competitive bids.

=ometimes the low bid is the bid with the largest estimating error. Because the bidder is
responsible 1or the budgatl number, whether it is too high or too low 1o complate the project
profitably, it becomes difficult 1o ask a contractor to do a little extra for the good of t t CRSIAE
ronment— such as imp ’Omemun 9 waste management plan. All the requirements .of a green
cuilding project must e communicated clearly before bidding so that contractors can build

a fair and realistic pudget number into their bids.

e sotion is 1or designers 1o educate contractors about the special nature of the oroject
mopre-bid meetings. A longer-term solution is to sponser general education in the region
pefore contractors are asked to participate in the bidding process. This process began for
the ERPiCenter project when the project management invited Montana contracliors 1o the
1998 Educational Forurm neld on campus. In addition, prasentations m Mortana Ciontractor's
Association, Montana legistators and the Montana AlA focused on this type of education

n the bidding ((u,umomo the £RICanter project team introduced he requirement for a waste
manaaemsnt pian for e Pio? building (see Technical Report). The NIST Grant funded Doug
JHOST, A pro1tessor of wvil engingering al MU, to conduct a survey of local contr tors He
sought thair advice about how 1o bast implement recycling programs within thelr everyday
practices. Participating in the survey was in ilselt part of the two-way process ol ecil,lceazxon
vetwaen designers and contractors. It helped 1o identity the barriers to changing the way
wagste management is typically done. Jost made recommendations about how, from a con-
ractor's perspective, it might be easier to create, bid on, and implement a wast2 manage-
ment plan. The surveys also underscered the lack of regional information about what was
possible and what was Impossible to recycle or reuse in Bozeman. For example, while it is
cossible (o recyole concrete and masonry, there is considerable expense asseciated with
preaking the concrete into an a gre’g @ torm that will be accepted by the concrete manu-
tacturers. Bven after the concrete is crushed, the manufacturers charge a fee per truckload
1or accepting the aggregate

Ihe results of the survey pointed Phaedr Svec and Bob James at BNIM in the best dirac
tiory tor writing a reasonable and praclical specitication that would allow waste managernant
to be profitable and practical in Bozeman. Svec utilized WasteSpec: Model Specifications for
Construction Waste Reduclion, Reuse, and Recvcling from Triangle J OGouncit of
aovernments, and ereenspec, the bBnvironmental Building News, Product Drectory and
Guldeline Specifications from  Build. Inc. for much of the Specifif,atlon larguage and mod-
ified i1 as necessary to mak'w * gpecitic 1o the Bozeman region.

Jost and Hvec set out to create a wi lnTt‘ management resource tor Bozeman o make local
intormation available to contractors at the pre-bid meeting (see Technical Report). The report
Hudes information apout ragional L,)LDUTUJHITIF“‘ to recycla and reuse construction waste. ft
S also an opportunity 10 share goals for reducing energy use and 1o minimize: harmiul
impacts on the site during the construction process.




s rnpiementation of the plan on the constiction site 15 another opportunity for two-way
coucaton between designers and contractors. In the specifications, contractors are asked
e waste management a regular agenda item in their construction meetings. The gen-
eral contracior is responsible tor all subcontractors' compliance to the waste management
plan. ine contracior is aise asked to provide fraining for construction cleaning crews so that
mev will not use harsh chamicals and jeopar: carefully planned mdom air quality stan-
cards. The hepe of the desian team is that the Rilot building will give designers and con-
ractors an opportunity 1o iearm how 10 work togethar to minimize waste s¢ tth ir future con-
struction projects writing the specifications, gatharing regionat information, and implement-
Ny waste management on site will become a hahit based ori provan success.

)IM

ihe EFICenter management team attempted to arlilress some of the problems inharent in
> low bid system by reinventing a way to cellect lair. ana competitve bids from material
ppiiers. Because some of the technologies and materials required to make the EPICanter
ot building were not vet developed, the team knaw the ¢nly way to succeed wouid be to
2t e Montana legislature 1o allow sole sourcing, therglore by-passing the low biddar
DIOCEES 100 80me Hems.,

= MSU Industry Partners program was designed 0 do just that !seﬂ Technical Report).

Lavid Gotttried ol Gotliriedt Technologies (now WorldBuild worked with Kath Williams of
il to develop the program's two components, This first was NIST Research and
i ,~\lopmﬂm of Green Building Technologies, as supiported by 1he US Congrassional
appropriation. Fotential pariners made proposals for the aceeleration of teohr\ologeu alrnady
in developmeni. The selected projects were metuded in the NIST Technoingy Research and
Development Frogram as described in " lechnology Transtar and Selection.”

Ihe second aspect of the Industry Partners program, lhe demonstration comporent,
changed the way matenals could be specitied for the EPICanter Pilot preject. To {acilitate
naustry partnerships, the university lobbied the Mortdana State Legislature to issue an
exemplion to the low-bid, first-cost only bidding regulations of the state. The exemption
aiowed MsU 1o waive the existing bidding critesia and create partnerships with industries
tat would have potential in the following arcas: energy or operational savings over the life

weie of the building, demonstration of new materials crearad from recycled materials, or use
ot indigenous materials that would develop a market locally, regioratly, or nationally tor that
marerial,

uring the course of the EPICenter project over 100 industiies expressed interest to partner

=ith M&U to develop and/or supply products. Over 30 made campus visils to explore a part-
nersnip with MSUL The companies were maotivated by the cpportunity to develop a Idrger
r"drKe{ for the new products it they were given an opportuniy 1o demonstrate the techno-
gy i a high ;)rome project. bven with the program's expectation that a minimum 25 per-
cant discount off educational market price be gwven, the pubhcity seemed o be enough
incentive to lower the price on untried technologies and products.

industries were also drawn to the pm; act because of the unprecedantad teedhack loop that
souid be provided by the MSU end- users. Working collaboratively with the researchers, the
crudents. MSU faciliies personnel, and university Salety and Risk Management oflice, the
naustries intended to gather data and reconmmr«,é«lm,15, tor product mprovemants and
enrancements as the products were “put through thelr paces "

Pher program aiso promised 10 break through the age-old m oblem of responsibly and com-
petitvely spending nuphic funds, while still acauiring the moat ppmcriﬂt( products available.
1 was the hope of the team hat working with the industry partner who offered the most

Cengtraction Methologies
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Approprate product would apur competition and education among competing companies
and help to create future products thal would satis’y environmentaly responsible criteria.

Ancother hope was thatl mate suppliers would use the Industry pariners selection criteria
19 @ new state of the art guidsiine for providing information about the environmental charac:
teristics of their products.

Ihe Industry Partners damonatration program strugglad in its trial phases during the renova
lion of Games and Lawis Halis, Because the projects were smaller, the nu n“t*e:r of partici
panis was limited. identtying | 1 %ppropriatﬂ vartnars mearit a process of elimination,
A5 the IPP process was lield- d by M&U, the low bitt process crept L qu 'mo the aval-
iation of the proposals. When w Ioweqk bid was acceptsd, the intangible benefits of the
oroduct were sometimes ovarlooked. Because some of the proposed advantages of certain
nroducts were diticult (o guantity, the potential partnars were oiten asked 1o go to extreme
measures 1o justity their propo: »nl

the savings goal of over 26 percert below educatonal markcl price was achieved on the
imited number of products identified for the program, however, the total savings for the proj-
=t was minimal in comparison 1o the otal project cost. Amortm rg similar savings to the Pilot
ouwiding yieldad quegtionable cost savings projections in stiict accounting terms. The valua
ot lona-term research and development partnarships petween industry and the university is
nherently diticult 1o guantify,

Ag a publicly-fundad project, the estmate of a construction budaet for the Pilot buiiding will
become a public document, However, the required competitive blddlnq process, expected
mrthe spring of 2001, will not allow for dissemination of the estimate in this report. It will be

ciugded in the “Altarword,” published at the end of 2007,

ihe promise of the ERICentsr Filot project is that of resource efficiency during the “direct”

onstruction phase of the building's  life-cycle. The dasign fend= itsell to efficient construc

non methods and the specifications provide an opportunity for responsible waste manage

ment. The exaemption from the low bid process will allow opportunities for continued explo-

ation of the benelits of parinering with industry 1o insure that Ihe most appropriate materials

are selected. 1he regional eciucation that has resulted from of the EPICenter project will carry
ontractors and desiqgners into future projects with new more sustainable habits.
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“We shape our buildings, thersafter they shape us.”

Winstor: Churchill

raarman health and productivity are greatly affectad by the buildings we inhabit. Our physical
—aalth and well-being are linked closely {o the quainy of the envirorments where we spend |
rume. loday many Americans spend close to 90 percent of their lives indoors and, not ;
sarprisingly, | these indoor environments are unhaalthy, it adversely affects individual health
ana productivitv.

fhe chart shown here illustrates that the most siarificant expenditure that a company faces |
@ nOt rent, buildina operations, or maintenancea, but rather the salaries of the employnes
King for the company.

— One perecent ymicrease in produc-
ivity from emplovees reprasents
e equivalent savinas of eliminat-
ruy the entire energy bill. The
Hocky Mountain Institute has doc-
umented  rom  case  studies
arouna the country thal green
DUHHNAS

"anow consisiant gains in labor
proguctivity of around €-16 per-
cenT owhen workers feel more

miortapie tharmally, when they
can see what thev're doing, and
when ey can hear themselves
hink,”

Inese racts, which are now being
sucumented in multiple building
pes (ncludirg schools, ottices,
post-offices, factories, and retail),
are peannimg 1o change how
ueveiopment is shaped.

A5 repair a
“imgintenansce |

Mountan Institute, =995

ihe apparent reasons for he increase in productivity in green buildings are simple. Green
puildings are better for people while being better tor the envirenment as well. Pecple
respona proactively to po ﬂv<> work environmients. They work more productively, nave fewer
sick days, and compiain iess 1o management about comfort.

~ green building is one whare people have ac 5 not only 1o quabity Iijl‘ﬂino, but a variety
At fighting, both natural and clectric. The lighting in a green building is dasignad in direct
<nrast 10 the tvpical sterile, unitormily it ottice interior with poor “daylighting desiaon—the

(meprinted  from Greening  the
Botiom Line, Joseph Fomm  and
William 3. Browning,

Rocky

oving ruman seath and Productivity
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result ol which produces glare, visual discomfort, and headaches. Al of this reduces oro-
ductvity. The green buiiding pays particular attention to visual comfort which includes both
attention 1o the desian of the electric hghting (to reduce computer screen glare and cye
atram;, and tha incorporation of daylignt and a variety of outdoor views (short and long).

areen bulldinags alse pay cloge allention to material selection, maintenance, and ventilation
strateqias. Design strateges to improve indoor air quality (IAQ) are closely linked to human
health. Many materials used in bulldings can ofl-gas significant amounts of volatle organic

sompounds (VOO'sy and often requirg ‘roqmm maintenance with additional chemicals that
rum 2r degrade air quality. Sick Building Syndrome is a direct symptom of poor IAQ that hurts
a0t only e workar, but the employer as well, through sick days and inefficient work hours.

“Productivity-enhancing desiar reguires a shift in your corporate thinking Companies under
mvest in their workpiaces in part because they tend to see efficiency improvemenis as sim-
ple cost-cutting, which rarsly motivates much managemerit attention or capital spending.”

Joseph Romm., Coor Companias

Lreating healthier buildings - and being able to quantity the human health and productivity
benelits of "greer” buildings —has been a major corcern of the sustainable architective
movement. Human health and groductivity are influenced by a varety of factors that inclinde:
Therma: comtort flemperature, humidity level and ventilation)

Visual comifort {lighting and views)

Fhvsical comiort {ergenomics)

Indoor air quaity (material selection, ventilation, operation and maintenance)
Acoustic comtort

Oltactory comtont

sense of parsonal control over environment

sense of beatty

~romoting numan heallh, welt being and productivity was one of the ten criginal goals for
vSU's EFICenter project (see “Introduction”). Two parallel efforts were addressed ny the
ERPICenter team: 1. The Performance Too'n work on the human health and productivity issues
that shaped the Filot bulding and 2. M3U's Green Research team's work with Juclith
Hearwagen on human healtt and ;va:mciivity methodologies.

in ordar to idantity the althy and productivity issues that would shape the Pilot build-
mq the design team n tr' reviewing the broad goals of the prject. The ERPICenter proj-
cut, and later the Pllot ouildl ng, sought to create a new model for educatioral facilities that
would set new standards for education, collaborative research, and sustairably designed
puildings. The EPICenter woulkd foster breakthrough scientific discoveries through a collabo-
rative research environment, and would demonstrate integrated les mlng approaches to halp
puild bridges from undergraduate education, to research, to indust

ith the broad "Plus Ultra” goals of the BERICenter in mind a nurmber of human health and
productivity issues were addrassed by the Pilot building design team and in particular, the
Parformance team members. Building performance was avaluated based on two criteria:
eneruy efticiency and humar health and productivity,




9 WAS & kev issue 1or the dec £
=’@mrmance team due to both the cold ciimate (Bozeman, L/mml_—m.a) and lhe :mmcnue van-
Lreguirements of the faboratory fume hocds. The Performance team was a multi-disci
phnary aroup who sought design solutions that salved multiple oroblems.

sunng the des:an of the lab heating system, the design team moved from an air heating sys-

term 10 a permeter fin-tube system and finally fo a radiant floor heating system. Using the air
wystem. the team believed it would be difficult to maintain room comfort without effecting
iire hood pertormance (and user safety). Becauss the fume hoods were positionad near
the outside wall, the perimeter radiation scheme was alse apandoned Pecause of its effect

an ventlaton air currents. In the end, the team decided on the radiant floor heating solution.
There s much avidence That occupants are more comfortal m lower air temparatures with
a radiant tloor svstem, and the building's afficiency bengfits s radiant system allows a
lecrease it the supply ventilation temperatures, which vod as the reauired heating and

aning in the swing seasons. Interestingly, the radiant floor slaba need to be insulated —
wrich is handled in Thn design using gypsum board panels (¢ conceal the insulation between
me foor beams. These painted “parels” become the ceikng treatment it the labs and also
provide a retlective (urh( & to maximize daylighting potenti: 1!

-

Ihe Performance team also planned tor a wider range of indoor des 'qrv temperature based
e getailed specitic knowledge of local climata to achieve “adcepts t " thormal comiort with
minimal capital equipment, operating cnergy, and life-cycle costs, Wm work included spec-

tication of highar maximum summeartime indoor air temperature based on typical expected

a0 space air velocities to provide extra cooling elfect. During the design process, the team
=stablished thermal comlort goals that included:

Spe % of Omuparm e
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» percent satistied in the labs was the goal and wag based on the Parformance team's
tmate of maximum expected comtort.

T lue o variabies in the atrium such as the wider temperature swing, the predictad per
~M1aGe of ocrupants satistied in the alrium needs to be analyzed further by running thermal
camiort moder squations along with simulations of indoor conditions.,

he desian tfemperatures were based on local customary dress and behavior patlemns
coservea in Bezeman and on /ampu - Acceptabie temperatura ranges will vary with e sea-
=ons. Uutdoor temperatures, metaholic rates, and how people are ﬂr@ss:*d all contribute to
fhermal comtort tactors as well. All foo ofen, buildings are “over cooled” in summear months
or how peopie are dressed resulting in building users g "cold” even when it is hot out-
uoers. the opposite is aise true for the heating

Pertormance team's goa’ for the Pilot building hohting design was to maximize the use
T auality davlighting as the primary light source and to design the electric lighting to *fill in
he caps” and blend with the daylight—1o provide a quality visual envircnment while mini-
misna energy usage. This integrated approach to the lighting design provides a comfortable
ana visually interesting environmen! for the building occupants. Objectives include providing
appropnate fighting levels, minimizing glare, balarcing surface brighitness, providing layared

proving Human Health ard Froductiviy
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ivels of ambient, task and accent lighting, and enhancing the architecture. Another goal
related to davliahting was to provide the cuilding occupants will: increased contact with the
natural environment through mors open views to the outdoors, as well as inlo tha biolagical
vastewater reatment tacility and its wetlands system (located i a greu.ramhouu\, adjacent 1o

student spaces in the schematic plans tor the building).

hr Pilot tuilding fighting design includes:
Indirect/direct ighting with daylight and integrated control system to create
comronable work envircnments i the teaching and research labs

ask lighting 1o Increase lighting levels for fine detailed tasks in the research 'abs
dnd at waorkstations outside the labs

Localized dimmina controis in labs for user-friendly control capability

L sensors o turn off lights when spaces are unoccupied

Ihe design approach includes hghting surfaces, not “volumes,” :in general circutation areas
‘o provide a comtortable atmasphers for building occupants, anc lightng specific areas and
=vents individually, lmkeaf ol fighting the entire building, areas are lighted according to their
Ise and craracter. For exampie, the workstations outside the research labs are fighted with
ndirect/direct wall mount tuminaries located ahove the lab observation windows and have
sk lighting at the work suriaces. The geal of the workstation lighting schame is to provide
somrortable ditfuse lighting tor computer work and to avoid luminaire brightness that would
pe ratlected inthe lab o aticn windows,

Ihe following a sme of the primary concepts that the Performance team considerad dur
ng me Pilot building design

rocess reated 1o indoor air quality

Building Materials. “pecified building finishes will be reviewed for potental amissions of
A48 that might pe emitted ard cause odor, irritation or toxic effects. The criteria for mate-
rigis are generally low-emitting, durable and can be cleaned with non toxic methods and
products, thus contnbuting to:good indoer air quality.

=l B Ventilation Rates. Outdoor air supply rates

e B = (11 were reviewed to determine thair adenuacy

to dilute potential emissions from indoc pol-

1 —w-EF =05 lutant sources. Pilot building fume hood

:!!! —&~FF =1 requirements drove the ventilation require

4T ) AEF =15 ments-—a minimum of six air changes per

| E\ - fiour will be maintained in the laboratories —

8- EF =5 80 high that there was no concern about the

| R adequacy of dilution air volumes in the
n ‘m research 1aps.

Concertration [mgim:ﬁ

[0 )
.
-
-

yure 2.6.1 Pollutant concentration from varous source
slrengths as a tunction of building ventilation rate. £F =
emission factor (mg/mh’

Reprinted from Design and Construction of Healtivy and
no o= 10 20 2.8 3.0 Sustamable Buildings, Hal Lem. Building  Ecology

. -1, Research Grouo)
Ajr exchange rete (h ) o




Space Pressure Relationships. Adjacent space pressure relationships were specified to min
iz the potental contamination through indiltration or air leakage via building construction
pamnwavs, The pressure of the laboratories will ba negative Wwith respact to adjacent spaces
owaep possibie spillage and contamination within the taboratory spaces. Careful atlention
GUrng design, construction and commissioning will provide ‘assurance of the attainment of
proper prassure refafionships between spaces.

Building Commissioning. Detailed commissioning o*a\“me were developed to ensure the
adeduacy of building pertformance in all modes of speration, including Tull and part-load con
ditions and undler all expected weather conditions, The ?c.xmm;ssmruing process will extend
sqer the lirst vear of operation, Technology provided for ﬂ‘mnitoring building performance: wiII
enable commissioning auring the tirst year and bayond for a"continuous commissioning” to
=ansure continuous buliding pertormance throughout its lits,

Specification of Non-Toxic Housekeeping. The design team recommended that building
HUseKeepng crews be committed to the use of cleaning products without potential for cdor,
rritation or 1oXIicity.

Fume Hoods. Ihe design team worked with fume hood prototype dasigrs and recommend
=4 that a tume hood operational plan be created to mirimize potantial for "fugitive” emis-
=ONS.

Exhaust System. The laboratory fume hood exhaust stacks wore designed to provida a high
duution rate at the nearest outdcor ar intake durirg the worst case wind condition,

svaanng the human heaith and productvity of green huuj glo] 3 has always been a goal
PlCenter project. During Phase 2, a multidisciplinary teamr of MSL researchars was
vled to study this issue, and Judith Hserwagen, a HHP expert from Seattle,

ashingion, was introduced to Th( team.

USars

HHP “areen team” included researchers from e schools of MNursing; Educalion,
Heaith and Human Development, Engineering; and the oltice of Rural Health, Thc-. group
sought 10 develop a measurement and protocol tor examining the impact of green buildings
an numan responses: health, productivity, performance, and environmental valuas, The team
used their research on the Pilet building addition and existing Gaines Hall. Ther primary
auidelinas were the Pilot building goals; entancod human health and enhanced student
EArnIng and research productivity. The team s¢ Wic expand on current research in the
sl and utiize e opportunity tor pre and post occupancy testing.

search in this area sutlers from a tocus on single environmental atliibutes, such as air
auality, to the exclugion of other factors. Furthenmor 215 on the physical dimen-
i of health and ignores the multi-dimensional view ol bealth that is commonly embraced
v the medical protession. The MSU green building human factors project uubmf 28 this
proager view of health, linking the physical, paychosocial and cogntve dimensions of
naaltn.”

@, It also ce

dith Heerwaaen

Haerwaaen has bean involved with numerous research projects ralated o grean huildings
and human health and productivity and believes that, ironically, many features of green build:
ngs, such as contact with neture and daylighting, are likely to have their greatest impact on
aanitive and psychosocial well-being. The table on the previous page provides a summary
of the research evidence tor the connection between areen Duilldings qr P well being.

Improving Human Heallh ard Productivity
on F Molennan + Kathy Acnelpoht




Hayoho-sonkal Welt-Being

Meuro-cognithie Well-
Being

LI Rerwasery

fhe “green team” plans 10 develop & study that analyzes human factors both inside the Pilo
ouiiding (charting specific environmental conditions and key outcomes) and “outside” H 12
building to understand how green building occupants ranslate that experience inte their
belels and vaiues. The tearm has prapared a detailed proposal for future work that inclides:

Creating 2 MSU profile (as a basealine)

Examining student and laculty produclivity in several areas including hme S€, PSy-

chological intensity during tasks and the physical effects of work in the labs such
a5 user mlt]l)‘ anc ergonomics

cale ogcumr s and «'mxtora abou‘t sustainability principies and values conveyed

throuah the buiiding
student performance (lest scores, attendance, evaluation of teachers)

Examining s
and student health (physical, meantal and social)

lesting tor physical exposures and environmental sensitivity

Documenting Duilding use patterns and evaluating occupant satisfaction

Creating evaluation processes and tools

The EPICenter proiect made great strdes toward setting new standards for designing a qual
t 1o improve human heaith and productivity for building users. The ultimate
in use, howevar the

“flot buit ou g can only be evaiuated once the building is
at tha environment created will be one that enhances the results

studeants 1o learn.

1y enwvironmen
sUccess ot the F
Jesan team 1s contident t

i e faculty and the &buw of the




it not checked many of cur current practices put af il

sernous nsic e wture thal we wish lor human society
and the plant and animal kingdoms, and may so alter
the ving world that it would ba unable 1o sustain life in
the manner that we know,

Union of Concerned Sciantists

Canie QT the emeranra prnciples of the sustainable design tield is the tollowing: waste = food.
! powerful corcept because it acknowledges that in nature there are no linear systems,
SOy Cvelical ones. in nature, every by-product becomes a primary product for another sys-
@m. Notm ng is produced that has no "value" 1o another system and nothing is viewed as
‘ - Only mankind creates waste that accumiulates and lutes. Buildings play a signifi-
—ant role in this process, as great inputs of energy, matenals and chemicals are reguired o
keep them cormiortabie tor human habitation (see "Harnessing tnergy from Nature®). Al of
mig “input” preduces a signiticant amount of nor-useful cutput or pollution.

whan MsU's ERPICenter project shuited from the National ReSource Center 10 the EPICenter,
the prablem of pollution generation became an aven greatar concern [or the desian team.
ine typical approach to handling toxic or palluting wastes in a tab buitding is the old maxim
that "the solution 1o poliution is dilution.” vaical protocol ¢ to shoot poliutants generated
within the building out of large “cannon fans” into e atmosphere with no treatment. Similarly,
trace amounts of solvents and chemicals go down the laticratory drains and end up in the
municipal water freatment piant. This iresponsible approach’to waste disposal meraty sends
the polluton “elsewhere” tor someone else 1o deal with. As the woild becomes smaller
imetaphoricaily), increasingly we are finding that there is no "zisewhsgre” and the poliutants
thai we thought were out of sight and mind have comg back o haunt us.

Tne design team chose 1o buck this trend, with the “Flus Uitra” goal of becoming the first
mboratorv building to achieve zero polluting ﬁmif:f'ionf; for bath air and water. An important
aisunction to make was the tact that the team was not atlempling to eliminate all emissions,
~hich would bo impossible and uridasirable, but «ather 10 ekminate any emission from leav-
inG the builcing that couldn't be viewed ag "ood” tor anothor system. The team also recog-
nized that a zero-polluting emissions building may be rot he immediately achievable, but
would beain with major steps torward and would be improved continually as understanding
and technoloay permit.

POLLUTING EMIS&IGHS mmg

Jason B Molenran + Kathy Achelpoh!l AlA & ?

Zero Polluting Emissions Goal
Jdason  McLennan - Kathy Achelpohl
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The team attempted to tackle this problem on various fronts.

Recycling
The design team pr owd@d space for the recycling of materials within the EPICenter
Hilot building, including paper, cardboard and aluminum. MSU has a student led

aflon a:re&dy on- campus 1o

=

»recyele newspapers, aluminum cans, mixed office
paper and glass. Tha project team aiso found suppert in MSU's Safely and Risk
M[l!nag@rrmnt group who recycle the chemicals used in their experiments,

Energy Efficiency and Renewabls Energy

The desiar team prometed energy efficiency and began by reducing the Pilot

g's energy redquirements by using an integrated desigr approach to minimize
the size ¢l the machanical system. It was nlanned that all the building's energy
neaas woisd come from ranewable sources, such as photovoltaics, tuel cells and
d nearioy wind 1o which, in parinership vvrh Moritana Power, would provide clean
power. As such, the t)«mdmg would  produce no pollution from electriicity demands
auring is opemh(m {see "Harnessing Energy from Natura").

Water Collection and Biological Waste Treatment
The desian team soeghl {¢ design a closed loop water and waste system consist-
ing of ru«‘)itu;,» collection and storage, graywate! recycling and the onsite freatment
of wastewater, using a solar aquatic facility developed by MSU scientiste and pat
terned after the “living machine” technology pioneered by Dr. Jonn Todd. The solar
aquatic lacility consists of a series of tanks, each contairing a small ecosystam
designad to purity waste. Tanks dt the beginning of the system contain simple
microtes and plan: lite, which gat more complex as the water becomas Increas-
ingly ciean through aach stage. As it moves through the system, the building efflu-
ant becomes food tar the organioms.

These three effort:
tha arl technigues
or elimination. But to achieve Phis Ultra
status on a laboratory building  the
design team nad to addrass the problem
of chemical waste within the building.
fhe design team searcned for tachnolo
gies and methods to remediale the
chemicat wastes within lhe building
petore settling on two major techniques
that were 1o be prololyped in the
EFICenter Pilor building: an ar scrunber
. ; connected e the tume hocd to clean the
pollutants out of the Do exhaust; and a research side stream as part of the bizlogl
sl wastewater treatment Taciity 1o test the capability of the system to clean chemical waste.
'ne dasign team replized that the lirst step in addressing chemical waste in the builkding was
a partnershipy with the tacuity members who were using the chemical in thelr research and
leaching. Discussions centzred on the practce of microchemistry, a technigue that is
pecoming accepted practice in the ingustry. Microchemistry relies on experiments perfarmed
with smaller guantities of chemicals, the result being reduced pollution and expense for the
Aab. As part of the EFICantar project, MSU professor John Amend helped 1o develop “graen”
somputer soltware tor chamistry teaching thal snatled students to simillate expariments
vith reduced guantities of chemicals,

+

Lme




Another technicue that the design tear discussed to reduce chemical waste in the teaching

labs was 1o emplov expariments parformed “in reverse” 1o tum toxic chemicals back into their
wistituent and harmless compounds and elements.,

~ biological wastewater treatment facility was, ‘or the design team, always a part of the
rter project beainning with the Phase 1 National ReSource Center that described a
aguatc raciity housed in a greenhause structure and ving as an assthelic, peda
gouaical and systemic centerpiece for the building. As the Phase ¢ work began, a group of
MG endineers lec by Anne Campar became involved in the project with the goal of advanc-
g slate of the art for wastewater treatment. Camper's group proposad o design a system
that would utilize established technologies in riovel ways, with the following in mind for the
tinal desian:

The taciity must be operated in a manner that protects the haalth and well being of
building users ana the public.

7§ The tacility should produce a tinal eflivent that can be regarded as suitable for use
3 (at least) irrigation wate:,

i

The facility should be designed as an educational tood, serving a variety of
purpcses varving irom its value as a demonstration 10 a hands-cn experimental
am Tor enainecrs and scientists working in wagste treatment.

nuch as possible, the facility should make use of “green” technologies,
r=QUirmg @ minimum of power and avoiding the use of toxic chemicals and
materials.

P

~e systemn thatl Camper’s group developed consisted of several componants to
wizan poth domestic and laboratory waste:

Domestic Waste Treatment
Sdmary reatment, (the removal of settleable solids), of the domestic waste siream
would ocour 1IN a tank {in the basement of the Pilot building) that produces a
neentrated slurry of suspendead material for further treatment. Primary effluent,
the claritied stream leaving the primary lreatment system, would be pumped
uostars tor reatment in the wetiand avstern {in the greenhouse structure) on the
mairs Hoor of the Pilot building. Following treatment in the wetland system, the water
would be disintected using a combination of ozona or hydrogen peroxide and ultra
et light, and would then be available tor reuss within the building.

the suspended slurry gensrated during primary traatme

itwould be treated using

an autocaraiviic thermophilic acrobic digaestion {(ATAL) system, which can be
thouaht ot as liquid-phase composting, and would utilize excess oxygen produced

Dy a tuel cell 1o accelerate its pertormance,

"""" Laboratory Waste Treatment
Themical waste from the iabs would tfravel to a receiving vesse! with an alr
sparging system. The removed volatile organics would be further treated by CHA's
microwave alr scrubbing technology, and the remaining water would be treated in
e welland system described above.

o Polluting tmissions Goal
nF MoLennan - Kathy Achelponl



to
wetland
system

ok tank

from
wetland
system

screenings

to toilets and
other uses

to agricultural/ Y

horticuitural uses

ine research of Camper's group focused on the ATAD and wetlands portion of the system,
and their methods and results are summarized in their Technical Report. Spacific guestions
that the aroup worked to answer inciudad;

souid the resatively new ATAD technology he scaled down to the size requirec
ror the Pilet building, and how much oxygen would the system recquiire?

Could laboratory and domgstic primary effluent be mixed in the wetland system?

g Would 1ahoratory chiamicals kill wetland plants? Could ornamental plants be
used in e wetlands to enhance the aesthetic qualities?

&f* E
ver the course of the project, the design team researched technologies that had the poten-
Hal to neutralize poliutands from chemicals in fume hood exhaust streams and saveral tech-
nologies were reviewad (sae "Technology Transfer and Selection”). Ultimately, CHA
orporation in Laramia. Wyoming, was selected to pearticpate in the NIST R&D program for

helr proposal to develop a migrowave air purification system.

. s been working for abowt 10 years on the ufilization of microwaves (o induce or
=nhance chemical reactons, and as a result, has developed several microwava-based
nemical processes. CHA'S work has tocused on their discovery that spent activated carbon
ould be regeneratad for re-use Dy applying microwave energy. Their work has involved new
technologies 1or air, gag and water cleanup.




Lunng thelr werk with MU, CHA focused on a new technology to clean chemistry laborato-
ry fume hood exnaust gases. A particular technical challenge for the CHA process was find-
g d new adsorbent 10 accommaodate the acic and ammonia gasas that may be present in
rmme nood ventilation air, as carbon adsorbents typically usad to clean VOCs from the air
were netiective, GHA'S tirst breakthrough occureg when thay found that a natural zeolite
product absorpg acids and ammonia well and also absorbs microwave anergy for rapid
receneration. Lhis new absorbent can also be reused afler microwave regeneration, This
vreakthrouah enabies the CHA precess to c!ean a much widér range of multi-component pol-
utants from ventiation Aair.

clear
air 1
Eood

A AGHNOC

carpon rarste

LAUS L

roﬂovuy :

second breaktinough occurred when CHA replaced the wet scrubber, (that previcusly they
rma Telied on o remove tluoring, chiorine, mine  and iodir‘te gases tormed during
macrowave regeneration of carbon and zeolite), with a dry active carbon bed. The dry treat-
=1 carbon bed has several advantages,; itis about one-tenti the si u! the wet scrubber and
wroguces no liouid waste materials  Interestingly, the two new designs proved to have a high-
arcapactty than any of CHA's existing microwave regeneration reactors. The increased
Lpacity enabies the treatment of larger ventitation air streams and removes more pounds of
voliutants per nour than ever pefore. This new increasad regeneration capacity has given the
CHA Corporation a newlound opportunity 1o place on-site regeneration facilities throughout
the country and the EPICenter project has helped advanced CHA's technology to the com-
mercial Seclor

CHA has installed a prototype system in M&GU's Safety and Risk Managament Facility al the
Advanced Technology Park. The installation includes an individual ‘ume hood absorber unit
ana a separate regeneraton system. The regeneration sysiem was sized 1o handle up 10 30
mdividual absorber units and will receive its first regeneration nppr(xxmcalely six months after
installation. which is the lenath of time needead to load the absorber unit with contaminants,
‘ne absorber was instalied on an existing tume hood in the tacility that has significant expo-
sure 1 solvents and acids. The prototype system will e monitored for one year to determine
ihe system's capabilities to clean tume hood exhaust ai.

sess Fow Diagram
A Lorporation)

Polluting Emissiors Goal
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n the end, the desian 1
ab puilding, but it recy
orofects. The wastewa'er t

n belicves that it is possible to design a zero-polluting emissions
i the short term expanses not normally considered in typical lab
: tment facility was not funded (as part of the Pilol building),
nerstore the MU tearm's system was not included in the final desigr: of the Pilot tuilding
As part of the EPiCenter e [. their system was prototyped in the lab and research ig
schaduled to continue with addditional funding from the National Science Foundation. CHA is
urrently commercializing ar Cieaning units very simitar to the MSU develo
S0l remediation industry. |t was in these collective efforts that the
‘Living Building” took root. :

&




THE LIVING BUILRING

Jason F Mcienna

“To emulate nature, cur first challenge is to describes
Aar in her terms. The dav the metaphors start flowing?
e right way, | think the mackine-hased models will

neain to iose their grip.”

lanine Henvus, Biomimicry

From the beginning, MSU's ERPICenter project was an atteript to define and make possibie
: v ovision 1o the future of architecture. Trie goals, technclogies and methodologies pur-
sued in the NIST arant were alt small steps low rd a tuture whare human efforts to provide
shelter and comtort nave no mora impact than if natu Fwere the designer. This vision
~ToHsCovery rehes on e wisdom inherent in living systems and rejects the notion that
nmans nave 10 mvent” everyvthing. The “Living Building” concapt was the culmination of our
orts to achieve all of the goals stated in this report in a simple metaphor, a paradigm shift
i the wav we approacn architecture.

=

Hhe Living Building concept has proven so powerful that in a short time it has appoared in
eral publications and has been discussad at a number of conforences (see "ERPICenter
nuosessas). ts power lies in the reection of the "machine as metaphor” so prevaient in the
nyinology of architecture and technology in westarm culture  This mythology has been the
ariver behind humankind's use of nature °imfw as “fusl” in the machines that give us com-
wort, allow us to travel! long distances, or provide us with food and entertainment.

i its place the Living Building concept inserts the sinple fiower as a new metaphor for the
nuildings of the future.

~lowers are marvels of adap-
Tatvun growing in varnous
gatcle sizes, and forms.
some lie dormant through
the narshiest of winters only
) emerge each spring once
the ground has  thawe
T Others stay rooted all vear
round, opening and closing
as necessary to respond to
changing conditions in the
environment such as the
avaliability ot sunlight. Like
buiicings, tiowers are literally
'»md f|qn,uﬂtiverv rooted {o
face, able  to  draw
gsources . only trom  the
aqliar@ inches of earth and

fha Living Building
sasoh B Mclennan



sky that thaev inhabit. The flower must receive all of its energy trom the sun, all of its water
needs trom e sky. and all of its nutrients from the soil. Flowers are aiso ecosystems, sup-
porting and shaeitering microorganisms and insects just as our buildings support and shelter
us. kqually important, flowers are beautiful and can provide the inspiration neeced for archi-
wewre o truly ba succeassiul,

Buckminster Huller, ona of the greal minds of the 20th century, once said, "We do nol seck
o imitate nature, but rather 1o find the principles she uses.” And by following these basiz

nnciples we can imaging whole cities operating like complex ecosyslems, processing water
ana waste while conerating enargy. Communities in desert regions will be designed t¢ max
imize their apility to coliect water and, lika the plants of the desert, t© retain and conserve
that water. In colder climates the focus will shift 1o retaining heat and capturing the available
region the focus will change but environmental performance will

Harvest ai their own water and energy needs on site

adapted specifically Lo their site and their climate while evolving as conditions
hangs

s

¥ Uperate poliution-free and generate no wastes that aren't useful for some othar
process 4y the buiiding or ‘mmeciate environment

Sromcia the health and well boing of all inhabitants-consistent with being an

sompensad of inlearaled systems that maximize efficiency and comifort

and diversity ¢f the local ecosysterr rather than degrade it—
sability to restoration

s Improve the health
move bevond susta

Be beautiful and inspire us to dream

Further inspiration 1or the Living Building came from noted sciencs writer Janine Benyus who
reminds us that nature is the ultimate guide for all technology. In har book Biomimicry
senyus asks

“Is there precedent for this in nature”?

it 80, the answers ta the following questions will be yas:
Does it run on sunlight?
Does it use only the energy it needs?
Does it fit form to function?
Does it recycle everything?
Does it reward cooperation?
Does it bank on diversity?
Does it utilize local expertise?
Does it curb excess from within?
Does it tap the powsr of limits?
Is it beautiful?”
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Perpaps the most compelling example of e living buficing
am called the Intearated Wastewater lreatment System.

appreach is what the design

s system combined and integrated several systems being considered tor use on the proj-
<1 at one time: the biological wastewater freatment system, the integrated hybrid solar col-
and a tual cell (see Technical Report).

ment. 1his water is then dedicated g ses such as flushing toilets (water for
drinking fountaing still comes irom the municipal supply). The water is then piped into a bic-
gical wastewater treatment system in a greenhouse on the south side of the building. After
selia cieaned by the microorganisms and plant lite, the water is ready ¢ be returned to the
cutiding piumbing systerm for re-use.

ine system usas rainwater collected from the reot and stored in a large cistern in the base-
e us

Ire Living Builldng
n & McoLennan




Within this same loop, a portion of the waler is diverted and fed through an electiolyzer. The
glectrolyzer, Dowered by a photovoltaic array, "cracks” the incoming w 1t0r into s compo

nents (hydroc A1), storing iem in tanks in the basement of the building. The
phumvot tellatalic o powsr the pumps, lights and aerators of tt & biological waste

water treatment systarn. At night or dmmq extended cloudy periods, a switch is tlipped andl
me waste treatmen pt:}; 253848 powered by fusl calls located within the building.

: pure: hydregen stored in k,omproz;bed rorm. The pure oxygen
s led irtu ﬂlr act ohzc digesting stage of the wasts treatment system making it more effl-
cient. In this wav, sev 5 are linked and feeding off of each <’)ﬂ'u, while procucing
no oollution at arvy otd_ m uses only sunlight, water and ather living uzqawvw
and providse Jm: watar and powaer for the building This system as designed
efficient as possibie due Lo current tachnology, was to be a powerful demor urcnmn cf tr e
future and o ,c that answerad "ves” to all of Benyus' ariteria. Unfortunately, dug Lo a funding
shortiall, the wastewater treaiment facility was not included in *he final design for the Pilot
building and the integrated waste freatment system was not fully developed. The diagram
remains however as a powerful example of what 15 possible even today.

i the tuture, with the Living Building as a new guiding metaphor, our buildings and thair sys-
tems will Increasinaly hecome linkad and their environmental impact greafly recuced. MSU's
ERPCenter proie 1 because i a step towards the uitimate goal, & future where
our buildings are cuill, operatad, and mairtained sustainably,
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EPiCenter SIIBI}ESSES

hoilliams BEd .U+ Phasdra Svec AlA + Nanoy Harrs + Kathy Achelpohl AlA

"When grains of sard are addad 10 a sand pile one at §
a time. the plie grows unlll it reaches a critical point al
which the addition of ona more grain of $and causes
avalanches, slides and massive changes. It is an apt
metaphor for the way individuals can create sudden 3
shitts in popelar undarstanding and social action.”

David Suzuki. The Sacred Balance

and Clark did not find & Northwast Passage, thair original goal. Which isn't to say they
't make sianificant progress, discoveries, ar contrbutions. Similarly Montana State
Lmiversity's "Green Building” project has not yet reached its odginal goals of building a class-
room and iab buiiding and restoring the biodiversity of the Gallatin Valtey in which il is root-
wa.ithe achievements in desian, prototype deveicpment, and the advancement of scientific
knowledge, however, have met or exceeded the project's gosls.

Measuring success reauires guantitiable goats and standards that are clearly identified and
articulated prior to commencemeant of tha project. In juxtaposition is the craative process that
reures flexinidity and innovation. It requires confidence and faith that the team can move
sovond what is known to something yet unh reseen. By adopting the “Plus Ultra” strategy
the team discoverad a method for measuring suceess that both articulated goals and stan
dards and insisted upon innovation.

Lioma "more, beyond” toox the EPICernitar design team and planning committees into realms
of dgiscovery often likened o that of Lewis and Clark's Corpg of Discovery, Cbvious suc-
3 o the ourney are the four prototype "gresn” tachrolbgies now baing evaluated by
Satety and Hisk Management personnal and the protolype manutacturers. However,
the technical experts who collaborated throughout this projgct point to successes “more,
peyond” the required research and developmeant. Ron Perking of Supersymmetry descrined
this when he wrote, "The first and perhaps most important penefit the grant furds provided

“us s the time to think 'outside t™e box' during the pre-dasign and schemalic design

process.” Al ot the project's achievements were a diract rasult of outside the box thinking
ano many ol the challenges came from the inevitable resistance o move beyond the con-
vennonal.

there are three primary successes that descnbe how the EPICenter project fostered sus-
winabie changes.

THE PILOT BUILDING

THE RENDUATIGNS IN GAIBED AND LIS RALIS

Ine EFICenter changes the way buddings are designed, built, cperated and
mamtamad.

AE FECHNOIOCY RESEARCH R0 DEVELOFNERT SRDERAM §: TR (1 [0 H
ne bPICenter changes the way educators ang industry teaders learn, teach and
DU resedrcn.

LT THE DISSEMIRATION OF GBALS, VRLDES AND LESSONS
e EFICenter ransforms the people and corporatons who will biring change to
5L, Montana, the natior and beyond.




: HE PLiDT RON G

MEW's EPICenter proiect was a vmon of how 10 change the ways bulldings are designed,
puit, operated, and mmnm;’x*.ack he EPICenter would be an integrated learning center where
both the science ao vwithin the facifity and the sustainable stralegies operating it are
on display. The building would operate bke a living organism, with all systems interconnect
od 1ofr maximum < voand minimum environmental impact. New standards  and
advances would be «
etnciency, and improved human health.

I order to test some of the concepts developed for the ERPICenter, and 10 generale enthu
siasm 1or the laraer building project, MSU and the design team deveioped a design for a Pilot
mn!d&nq on the ! 5. Althouch not yvet built, MSU's Pilot hui‘ding is conaiderad a

success In terms ol its cvative design, collaborarve design process, and naw technolo
gy development,

Ihe: Pilot building iz a four-story additon 1o Gaines Hall, ‘s Chemistry building and will
axpand the unwversity's capabiiities 10 complete cutting mge research and teaching in a new
setting designed o promote interaction between researchers, faculty, and students. The
addition is a 30,000 souare foot facility located on the south side of Gaines Hall, and was
resigned 1o create a naw iaca for the south side of the campus white showcasing new and
amerging technoicgies both nsioe and outside the building.

=001 the areas of resource conservation. waste reducton, ensrgy
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e Duilding i organized arosrd ar atrune that adjoing the ofd facility while allowing light into
bomn student spaces and axisting Caines Hall laboratories and offices. Tha core of the Pu\ot
bullding congiets of 7,000 sqbare feet of research laboratory space for four principat inves
tgators and will contaln sevEral prototypes of the latest energy-efficient fume hoods. The
bullding was also funded in B by MSU students who wera attracted to the idea of having
a green building that would house stuay space in the beart of the campus, Inside the Pilot
puilding, student £pacéas are:h Falong balconies, 1 ing the atrium space with vitality and
n(frm, and pm\ AChnG raction between the daily actwities of rasgarchers, teach

: 5, s envigionad that the atrium will become a new tocal point for
IMBUS.

The Hilot building s afso 2 pitot praject for LEED (Leadership i Energy and Frnvironmental

esian), a gn,orl bl ratng system developed by the US Green Buiding Council. To

achieve LEED Cartifi for @ building, the dasign team must implement strategies and

measures in it 2y S“”r air quality, energy conservation, water use, sile design and

matenal selecticn. A hough the Piot buiiding was designed prior to the compietion of

version 1 of LFE . the r:T"I,,ﬁr ter project contibuted 1o defining the crite Lltimately
ceapted by the LS ;a BC membership in LEED 2.0.

Jnia

featuras of e Pilot building inciude:

¢ Energy-Efficient, Integrated Mechanical System: Integration of many commaon and
s0me not 50 COMIMOoN &nergy 5avings contapts comhing to maka: the Pilot building Phis Ultra
i energy consetvation. Thg Pllot huilding ma /in Tact be the most enargy-efficient lab tw ”"i
Ny ever de s im‘lud Sgw pressure-drop/low velocity design, ensrgy-eff
sient Tumea hao BYADOT cooling, Jrourrd water cooling and heating, heat mome.y,
radiant floor Hieating, -and right-sized egquipment design.

 Naturally Cooled Afrium: The atrium has been designad to minimize the need for
fort, relying instead on passive technologies that
3 In the summer, the atrium is passivaly cooled
sntilation hat hameassas the large temperature swings that occur from day to

HE(
hava been adapted 1o the Hazeman ¢
13iNg Cross
Aight.

: mtegrat@d Daylighting/L. iqhtinq System: South facing laboratories have bheen
Jesigned with new state of the art daylighting design, controls and electne tighting that max
mize the qua%itv of light avaliable while minimizing energy and maintenance cests. Tho atri
aim ospace aiso relies on daylighting and Luhting contiols to create a quality and enargy-effi-

H

clent visual environmani,

Energy-Efficiant Envelope: The Pilot building has been detailed 1o minimize radiant,
sonductive and ¢ Stve anargy losses threughn the anvelope. Hligh R-values and high-per
rormance glazing combine ¢ produce suparior envelope construction. The Pilot tuitding will
alse make: existing Gaires Hall more energy efficient— as the currently inafficient south wall
o Gaines will be adioned 1o the more enargy-efficiert atrium.

3 r‘ombined& PV and Thermal Solar Collector: Although not funded at the writing of this
report, the Rilet bullding is designed to showcase emarging new energy and tharmat gener
ating technolmrue“ combined N ong roof integrated proctuct. The r»vmc ntegrated photo
woltale panels, designesd o b & south-facing roof, would provide up 1o 20kw of power o
acility as well as a signilicant amount of hot water generated from coits focated under
nean the PV,




: Fuel Cell and Electrolyzer: The Pilot builciing is planned to be a demonstration site
Or AN AVISIaLans proton exchange memprane (PEM) fuet celt that will generate electricity for
the buiiding trom stored hvdrogen. The hydrogen will be created with an alectrolyzer that will
“orock” water into hvdregen and oxygen.

: Demonstration of New Alternative Materials: The Di!m buildrig ncorporates a new
rergte developed by a Montana company that alimingles Portland cement and uses fiy
a80as e pinder. This nevs product also ulilizes glass from the local waste stream as aggre-
dale.

Monitoring and Controls: The Pilot building will viilize the latest tachnology in direct
[ controls and the buildirg's pertormance and operations over time will be monitarad by
2 separate sysem 1or initial and continuous commissioning. The Flus Ultra cammissioning
process goes neyond systems lesting and includas analysis of the snvironment tha systems
deiver, The goal o the monitoring system is o document building perfcrmance with accu-
rate measuremaents and analysis tor use in replicating successful lechninues in future sus-
ramanle building designs.

1!

sy Zero-Polluting Emissions Technology: The Pilal buitding moved closer to the goal of
creaung zero-polluting emissions for laboratory waste, both air and water, On the air side,
chamical scrubbers are plannad at individual tume h mods. fo-trap chamicals from the exhaust
ar stream on activaied carbon ard natural zeolite, On the houid waste side, sciertists at
! ontinue 1o test the effectiveness ot natural wetlane systems and microorganiams for
ste remediation. Their desian wil be Incorporated 1t Phasea 2 construction.

THE REXGUATIONS OF ﬁAIIIES mm LIS HALLS

“hen the decision was made to postpone the EPCenter and build a pilet project, immedi-
ate campus space needs had to be addressed. lhe nuilding committee worked with MSU
aummir;lraﬂon to identity appropriate renovation projects thal would meet the current needs
of the Center tor Computational Biology (COR) and space that would show progress to MSU
students who were contribuling tunds every semastaer, 1 design leam seized this as an
opportLnity 1o test concepts, strategiss, and procducts that would later be used in the Pilot
puiding.

Accomplishments included:
= Henovation of four existing freshman chemistry teaching laboratories using “grean”
Lroducts

Lreation of lab layouts that tostered collaberative teaching methods and support
the intearation of the software program ceveloped through 1he EPICenter project

field test of the Industry Partners Program

s Development of a productive, sale working environment ior the CCB

LR Canter Sucogsses

ML + BNIM Architects



Mortana 15 a retanvely isolated state with few “high tech” indusiries as a base. T

85 FROM GORLS Y0 SUCOESSES

w: N Hi nl(imq technologies was the core objactive of the US
piroptations tor this project. Understanding this. the found ot tha proj
original vigion and goals for the "Green Building” techrology and resparch
m. Th m also had a vision of how they would change the way edu-
y leaders learm, leach ard do research. The project stayad the course with

Advancem
Sangrassional
ol devaloped th
daveiopment prog
cators and ndcu
remencous suc

fency in flows of informatior and materials.

developmiant of the 300-mile radius for material seloction was an ear'y
o e MBU EPICanter project. It ted to breakthroughs in the devet-
;M naw materals from the Montana waste stream. These will be dis
i this chapter.

u ncluded the dﬂ\/ﬁ pment of research parte -orsl ;
3 Denett 1o the students, facully, the state, and the industries
preach to cnliaboratian brought educators, research mdtr
gathar in ways never imagined b the ERICenier ¢ ot As
g ol the EPICenter project have penetiated the curiculum at
LSy, Ma ne r;plb exposed to the wealtth of knowledages and infor
en years of research will create the innovations of the Tuture.

e values will build on them throughout their carears.

VISION To Hm E:P

H+=m< 0I¢u° The Ht |
try leaders, and sl
@ result the uuc,lc::llymg vali,
MSU and the buiidin
manon generated
Tha students exposed to if:

As a result of the EPICents: project, thare have been a number of collaborat:ons that con-

(m‘,btﬁid MSL with inddustey:

isner Hamilton and Lawrence Berkeley Naticnal Laboratory forged & relationship
that brought forth a prototype of LEINL's Low Flow Fume Hood. The hood was tested and

manutactured tor the ERICenter proiect by Fisher Hamilton.

CHA Corporation, a small research and development firm from Laramie, Wyorting,
welcomed the opportunily 5 work with major manutacturar, Figher Hamilton, who pushed
CUHA “more, beyord,” according to Sharlie Carlisle, Vice President of CHA Comcration

Wyoming Sawmills, Inc., Ashland  Chemical, Timber Producls Inspsaction,
Timberweld Manutacturing, the Forest Products Research Laboratory, and the University of
wWyoming worked collaboratively 10 develop and tesl large timber beams manulactured from
low-grade lumber.

Matthew Wood, prasident of Sustainable Cormmunity Development, L.L.C., put
mqwﬂ er two ¢ ive projects. The frst was with EM Research Qrganization (EMRD) of
Japan and the Urzm mty of Missoui IJC‘LM rtments of Civil and Biological Engineering, sn"*
Solb and Atmosphe 5. A gecond collaboration will resuit In a practical field ,mdy
Jetterson City (MO) Wastewater Treatment Facility with SCD, Jelferson City, Unive
Missouri, EMRO of Japan, =M Technologies of Arizona, and Aries Tek of California.

Headwaters Composites will continue to work with MSU professor of civil engi-
seanng GJerry Staphens, MBU students, and BNIM Archiects © develop appropriate appli-
cations 1or thelr new materials.

S —



ihe project alse fostered a number of col
imborations thal cornected MSU with other
Lniversities:

duoeaiors and  regsearchers frory
o and Canada formed an elaven-insti
whon consortium 1o develop software in
SUCEOt of "green chemistry.” These module:
nelude sottware to support computer-simiy
ared expenments, soltware for communica
qoan of experimental results among studsnts
and betweean student and instrucior, andg”
software for organization and analysis of st
1L expenmenta’ data. John Amend, M3U
188507 OF gchemistry, and students in
reshman chemistry classas at sevéeral insti-
wtions will experiment with these modules
auring the Autumn 2000 term, All three solt-
t modutes will be  distributed  free-of
charae via the web,

woratories in Gaines Hall
i Architects)

¢

a

ASU-Northemn ang! Gi
ransportalion. expanded experiments on
emissions monitonnag and testing. This proj-
¢l continues nto Autumn 2000 semester
ana will involve over 35 MBU-Northem stu

28NS, o R PR

s Althonah MSU-Bozeman and MSU-Northern are affiliated campuses, there are few
research collaborations between the two . “Participating in the EPICenter project allowed for
a bridige to be huilt in which the researchars at the smalle vre: campus were able to con
moute to a Bozeman project,” said Greg Jergansen, Diragtor of MSu-Northemn's Grants and
srtracts Oftice.,

Ancther MsU-Northern project, rainwater harvesting, brought two  academic
departments tegether to design and build a working system that is a prominent display on
the Havre camnus

sgmE On MSU's campus, the “Green Team” studied human health and productivity
sosues in green buiidmgs. Although the funded proposal was limited to protocol development
ana pre-tests of measures, continuad collshorations among nurging, health and human
davelopment, ergonomics, and education researchers is anticipated.

A osigniticant success tor the EPICenter project has been the dissemination of the project
15 and resuiting information trom team membears and grart racipionts within their spheres
ot influence. At the end ot this chapter there is a list of many of the conterences, presenta
fions, demonstrations and publications that have resulted from this project.

FRICenter Successes
ML+ BNIM Arcnitacts



nids iIv MEU

Hestore hiodiversi-
tyoal the m‘ur and

eam . members
standing the ¢
ot some  ndigenous splant
THCFOOrQanisimis ar n:ﬁ t.».‘.‘ ¢
n SYSEmMSs. 4
groundireaking
2 the evendusl o
sustainabie  means
remediation.

w6 work of John Todd and University of Yermont rasearchers, facul
for Biofilm Engineering developed an on-site biological waste
tof the EPICenter project. The Eiofilm engineers employed
researchers and teamed with MSU Plant ard Soil’ Sciences.
ol woody native plant systems-designed to remediate as, soll, and water
pollution-was ,asur 30 to determine adaptab I|Ty and tolerance to acid and heavy metal
contaminated sites. BEadly testing suggests thal the system has great potential or chemical
waste remediation dlth(mqkf more research is needad.

water lrt»atmtm: plant as par
Andergraguate and gracluate |
“he perform

Ihe wastewatar treatment plant designed by the MSU group is being considared for demon
stration by Yellowstone Natonal Park to abate on-going sewage treatment problems and for
thelr new visitor centers.

improve economic vitality of the community and region.

yantitving pracducts mar could ha developed from Montana waste streams
akey wm wess ol the ERICanter project. The industry partners and other
1 ANis WH! improve the regional economy by creating useful
glelelc: am sepvices and by helping to create a market for waste products.

Jeadwaters Composites, In Three Forks, Mortana, has developed, tested  and
sacured a provis mnal patant for a fly ash/recycled glass/borax composite compaosed of 99.6
percent Montana waste prurh icts. This material is currantly being explored as an attarnative
orex nc‘i holds great commercial potential. There are also tremendous emission
and energy savings in the mam‘llcm,ttaumg process as compared o Portland cement




i aadition, Headwaters was able 10 expand its research staff 10 include a recent MSU engi-
neennyg graauae: invent a betler small-bateh, alass pulverizer that may itself be marketable:
ana reestaplish a relationship with a Billings, Montana, cemeant procucer. EPICenter project
management also made an introduction of the preduct  Hoinam, Inc., the fargest produc-
er OF Ccement profucts in the world,

mogudette bngineenng in Missouia, Montana, was the structural engineer for the
building and participated in several research proiccte. Tom Beaudstie and his group
o 10 test both high percentage fly ash (in the concreta mix) for the Pilot buiiding's struc
wiral elements. and the reinforced cast earth product.

tdames Clintor, enaineering faculty member at MSU-Norhemn, and his students
researcned the economic and environmental benefits of straw bale construction. They also
ied the locai museum board tl*rmqh a code-exemplion petilioning process and secured a
building permit tor a new wing. A straw bale we & has been developad as a deliverable
=1 this project.

voming sawmills and the Forest Products Research Laboratory continued their
TRBEEICH 0N adgro-vased binaers.

tified

3 MBU civil engineering protessor Doug Jost and two graduate students |
racyniing sources for construction waste to maximize regional oppartunities.

Promote human health, well being and productivity.

the acal of guantitying and documeanting behavioral change and even learn-
g ag it relates 1o green buillding technologies is a ditficult challenge. The
senter project advancod the developrient of protocols to measre the
rasact of green buildings on thelr users.

. s Heerwagen, then ol Battelle Pacific Northweast Laboratories, was invited to
VisU campus 1o conduct a workshop 1o prassnd state ot the art for human health and
sroauctvity methodologies reiated o green hulldings.

N interdiscipliinary team of MSU researchers proposed 10 use the Pilot building as
a beta site to test ive research methodologies. 1he "Green leam” made strides toward pro-
tocol testing and baseline data gathering.

L3N Berkeley Hood Frototyne
AINIV Architecist

Set new standards for energy effi-
ciency and resource conservation
{operating energy has priority over
gmbodied energy).

fuer b anter project andvanced
dandards  for endrgy  efticiency,
scurce conservaton i all of tha ways
=d earlier 1or the Milot building. The prote
wpes nstailed atl the Advancad lechnology Park
‘-Mii underge benchimark tasting over the course
=1 ing next vear 10 evaluate their suCcess in sur-
passing curert state of the art. 1t is planned that
the prototypes will lead 1o commaercial products
avalable tor tuture laboratory buildings and rano-
valions

EHiCenter successes
MisL + BNIM Architects



awrence Serkelsy National Laboratory developed an:
wod called the Berkatev Hood *hat reduces ai

i manufactured a prolotype
low requirements by 50-7C

iow flow fume
persent.

sher Hamilton rJfﬁxve*oprﬁ"d a new energy- efficient fume hood called the Cancept
that enabl 3 se of fower 1ace ocities (60 FEM). Fisher Hamilion hopes the pra
totype wiil be ready !ur the ma rk:—,,,l i two \yea:,:

solar Design Associates, SunEarth, and UniSclar developed & hybrid solar/trermal
p tor called Phe utn(—'m Aproot of concept prototype has baon installed ar MSU for on-
Joing data collection and aralysis.

FReduce giobal warming, ozone
dmmddhc»n et acid rain by
ingrassing  efficiency, restoring
biodivarsity  and  reduing
mlwm of contaminants.,
cotatory Bidldings typically
cresie emissions problems anit waste tremens
AOUS amaounts of SIe0) rasult of whwh
o to global warming, ozore e i
acid rain. The fume nood profaiypes will mli. Ly
"urirrwe energy wa nd the resuting polls-

. The EPICentsy o arldressed H‘r
,‘,rub;em ol p[_)hm' 11;4 2Missions:

OHA O
research on air scrubbing s
technolegy to clean labor
exnaust gases and
materials on-site.
UHA worked within the re for tho urit's
physical size (3'X3% 'y er Hamiton
f{)r tho laboratary randivation tharket, The physe
engmeenng -;"Y‘m%mq wah et and the pro-
torvpo has been mé thw Advanced
lecnnology Park jor furth e*‘ T and lost
na. Because of tho: suce project,
LHA has secured two othe ECTS with
major  industries  and. the - Deparmenrt  of
Detense.

3l ten years of
g o develdn a
vy fume. hood
ate the filtlenng
ir absorber,

CHA AL Serubbing Prototype
(SN Architects)




T dosan of the Pilot bulding provec that it was possible to significantly reduce
operaling eneray aemands of a laboratory bullding and in sodoing, reduced CO2 emissions
by 300,000 pounds per vear,

Improve tools for designing, constructing, cperating and evaluating building
systems.

e EPIGenter project team worked to create a number of new tools 1o help
aevelop more sustainable building methoddciogies and practices.

wireen, a lite cvole based materisl selection methodology, was develope
me wenter 1or Maximum Potential Building Systems {CMPRS), Syivatica, and BNiIM and
e used by these firms on future projects to improve the environmental performance of
CHHIAINGS.

fhe praect also supported the development of a susiainatie products manual that
= opart of the succasstul Sustainable Products Training Coalition ard Course heing offered
nationaity.

nigue commissioning process and an innovative building monitoring system
nave b(‘en C qvvloped and specitied tor the Pilot b»nlrﬂr‘u. ILwill be an essential model used
by all the participants in thair tuture building projects

neray 10 software, developed by "10 National Renewable Energy Laboratory
kL), was t& sted and refined during the first phase of the EPICerter project.

Lniversity of tdaho rescarchers devaeloped instramentation and methods to deter-
the stiftness of wood in standing trees.

E‘:’:xplore potential of human resources throuqh education and empowetrment

ic: productivity.

wWhan the students on the Green Building planning committee focused on
e name “t“!()@rrrer” (Educational Pertormanze and innovation Center), they
thought of a building that would be the centar from which mlAm«.isb(,,rpllrmry
kn(mf edge amanated. |hey toresaw the ripple eltect of what u\/aﬂ o be discovered not only
By MEU and the team of nafional experts, but also by avery viszor 1o the bulding, every per-
200 who iogged onto the website, every industry that came 1(“ partner in the project. They
wanted evervone to contribute to the learning process and to take away & lesson learmed.
Thev wantled to see human behavior change: in how research and teaching became tused,
\mhwre student and researcher learned together, where the non-science studert was
sthracted and welcomed within haalthy and safe learning environments. This project has nhad
that eftect, aven betore the MSU President and his executve council approved the name
crilenter,

brom its inception, an obvious outcome of this groject would be the sharing ol
knowledge on campus and beyond. The studen asped the cencept and principles of
sustainahility almost immediately upon a “'esenldh,m by Kath Williams and Jim McCray 1o
the ASMSU Saenate. Thay saw the value oflile cvcle analysis and Hexibility in a class-
reom/aboratory building. Obtaining  student  buy-in, r»erucularly with  financial support
through the studant referendum, was an important step in tha success of the project.

EFICenter Succes
BNIM At

RASLL 4

chitecis



The Nationai RQSDH!CQ Center (NRC) was envisioned 1 be a cleadnghouse for
green building teche anon iru::ll,ading public aducalion programs, @gearch part
narships, and a'w for on-tine courses, resourceas, and f:mmml nication
fvontur. Using thi LSE o Serviceé model, a team of MSU faculty and staff doveloped
Tor !r e N‘?f“ Tnougn the actual program has rnot DL{H Inded
at \mu he p ng in the NRC project drewe national attention Svougn. dasign
team pres CnT"mur“ dt anferances and workshops.

yarticulated aoa’ M the MELIEPICenter was 1o foster multidisciplinary sdication. Tha Pilot
ol nlqu design ically addressed this goal. University researchers ant 1gachers whio
collaborated on component projects for the EPICentar have now experienced the collabore-
tive process and all fts advantages. MSU professors alse brought the ERPICenter projecr and
the Plus Ultra concepts inlo ir clak. SroOms.

wiote, “The research process has positively contributad to the
ls and two f membears al MSU-Northarn, Our team can
4 during the research process to supplement our current
afi fitional partnergnips with nnil. stry and national \giam,
enter project] was an opportunity to learn in a pos
tive tear activity.” The er ing by MSU-Northem produced some basaline data for
the Advanced Tectinology Park and identified challengas 1o the tansfer of meacurement
Jdavices from one anplicaton 1o ancther,

Use our techr
Slagsroom leaching and ac
resgted to emission analysis. |

waor of architecture at MSU wrote, "The support from the NIST
g and research opportunities. Because ol my experiencea with
1wy NIST, Hwas able to receive two grants from the National

My work at NREL included day‘sq’ﬂ monitoring and enrergy
sirnuiation o W h(,\, yarch # A(‘IIII\, and the Visitor's Cerier on the NREL cam
pus in Golden, Colarado. havo been invited back as a visiting professional to monitar more
ouilding

lom Wooed, prof
grart has improved my feach
ine variety of sottwara

Hanewabie bnergy

and 1o ist wilh the design team on new projects.”

Express “firmness, commodity and delight” (Vitruvius) in the spirit of this
region so that the user/visitor can “feel it through their skin® (Deborah
Ehuttertiold),
frue SUCSHSS of achieving the goa‘ ol "lirmness, commodity and dalight”
- Tetermined once a building is built and through the passage of
can imaging that once inside the Pilot building, it's cccupants
st apvlight and how it cotors the space as the hour and sea
sone changs, Une can-akn imagneg that the occupants will feet connac 10 the outdoors
mroligh \mv'r both cutside and inside the building—such as the view of the bm!cqma‘
wasiawater 1 o tacility where o beautiful landscape will manage the build: rq s waft(,.
ithin the "liv team magines an aguarium that will be a o
1o the occupants atou connection between the e
nish and other organts procens their waste.

wil e struck tZJv the a{mm‘ﬂn

+y
1518

4T

Maximize the pec

goals ot e &P were directly aligned with the migsion of the uni-
sity —to pravide opportunties for learming. The Plus Ultra step was o
ihe building teell be a teachar. Tha EPICenter proposed 1o do this in

& DINDar OF wiays:

v putting the sustzinable elements and strategies on display in ine building (such
Slogical wastewater treatment, the low valocity diuctwork, etc.).

as me




Hy giving cccupants direct access to the buiiding's performance through touch
SUTEEN MONIGES 10 asplay anergy and polluticn gz | @ monitors would also include
ntormation apout the bullding's sustainable materals.

; v ermpowsring the building users who helped create e building to behave i
T»’>r9v|ﬂv~‘w:rh more respect and involvement.

AN extracrdinary ettort was made by the project maragemaent and the design team 1o involve
sudents in the process. Besides the planning committee andl campus outreach agtivities,
slstudents mace maicr contributions o the research and development projects.

: MSU engineering students were involved in the testing of materials, under the
cirecnon ol M&U protessor of civil angineerng Jerry Stephans.

Architecture students worked with MSLE professor Tom Wood on daylighting and
puilding modeling.

# Hofilm enaginaers and plant and soil scientists walcomad students into their ptan
fHNg, gesign, and lesting activities tor the wastr»w ster treatmeaent fachity,

Tstudents in education, health and human devaiopiment, ergonomics, and niursing
rved together on protocol 10 assass human {acions,

tudent senators werg afforded the
al world” project in which they had a

ortunity 1o develop, promote. and
inancial stake.

iearm Irom a ‘re f
iz ieaming opportunities extenced beyvond MSU students and researchears 1o reach indus-
v jeaders as well, The ripple effect the projects values will have onindustry are only begin
ning to be discovered.

Fisher Hamillom credits the EPICenter project and Kath Williams' mentorship in
atlaning their new awareness and change ir industry practices toward sustainability.
According 1o Richard Johnson, Product Manager at Fisher Mamilton, they have changed the
way they do business forever., They are now ¢ trmnu to begome a more sustainable compa
ny from top to bottom. On August 8, 2000, Fishsr Han shrated being certified for
cihain ot custody by smartWood in accordance wﬁh the principles and criteria of the Forast
stawardshin Councit (FSC). The cas evvmk manufacturing indistry has learmed a great deal
smee Fisner Hamiltors and ISEC joined the FERPICenter as industry partners. The two compea
nies worked toaather to recycle in the plam develop a powder paint application that ‘s less
poiluting and safer for the workers, implament bianket-wrapping products as a standard,
helo customers anticipate longer lead limes for carlified swstainable wood products, and
develop tighter definitions for s;pociﬂcatirv'rc‘ Fisher Hamilton and C brought the lessang
tney teamed to other projects and to the industry through presentations at conferences like
RittCon 2000, ‘

b

T smaller, regional businesses saw the value of austairability,. Wyoming Sawmills Inc.
dnidertook a project to construct structural laminated bearma fig 3 low-grade lumber dis-
arded by local sawmills and wood manufacturers. Urniversity of ldahc ragsearchers deval-
seed instrumentation and methods to determing the stiffness of wood in slanding trees,
although the process was difficult and the corrgfation belwean stress-wave speeads with
moduiug of elasticity was tow, the researchers did find a relatively hian carrelation when test

ng the agownhill tace of Doualas-fir trees. This encouraged e archers o apply for and be
successiul in oltaining continued funding from a USDA CSREES Inland-Northwest Forest
TOAUCTS Hesearch Lonsortium Special Grant

nter Successes
Mo+ BNIM Arcnitects
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THE BISSERMINATION OF GOALS, VAIUES AND LESSONS

wne ol portant successes of the EPICenter project was that it § ")rought discus-
sions of sustanabiiity and lus Ullra methods and techniques to MSU, the state of Monmana,
and beyond. The praect has tansformad the people and the corporations who will ultirratedy
oreata the change neaded 1o restore the Gallatin Vallay and beyond.

Az a recipient of a US Congressional appropriation, MSU took seriously the tidu
sharing data, disseminating
ERICenter L)m[e tili

ise of the team ¢
and often had
Juality of the pres

clary daty of
&, and passing on lessons learned, and to that and, the
issemination a priority. Because of the recognized expert-
oled to design the EPICenter, invited prasentations wera numerous
if the project work was to be accompiishied. The number and
sritations ard publications is noteworthy.

Ihe desian team and project management carefully chose venues where the audience:
Was interested in scientitic or technical information

Had potential to be advocates for the project

Possessed limited knowledga of sustainability but was eager to make chianges; or
Had soma relationshin with NIST, MSU, industry partners, or design team
members

me lessens learnad from the EPICenter project will continue to be disseminated by the
design team long after the books have been closed on September 30, 2000, and although
the project has otficially closed, the work of our tearm members continues.

Tne following is a partial listing of the invited presentations, journal articles, and general pub-
lcation pleces that have rasulted from the project to date;

Nat oml Am . s Medicine (ACSM). Dr. Dan Heil plans to presant the val-
dation results of the CSA light monitor, May 2G0O1,

study of Higher zaucation's National Conterence. Proposal for a presentation subrmitted by
Dr. Kenneth Borland, Dr. Deborah Faynes, and Dr. Clarann Weinart, Sacramento, CA,
November 2000.

The Fates o7 Polar Oraanic Solvents in a Constructed Wetland Treatment System. Kowles,
I, Stein, O.R., dones, W.L.. and Camper, A.K to present at lhe Montana Section Amer.
‘Wat. Res. Assoc. Annual Meeting, West Yellowstona, MT. Oct. 4-5, 2000.

‘Enhancing »—1umzim Er\v*rr)nm(‘)nt’;al and tconomic Performance - Without Increasing First
,0818." Northweas |etg, fliciency Alllance and AlA sponsored Architecture and Energy:
Suilding kxceflen\, in e Northwest, presented by Steven Terncay, September 9, 2000,

“The Technologies of Green Building.” Kath Williams and Jason F. M
antation at BERPA L

Lennan. Invited cres-
aps 21 Conference. San Francisco, CA, September 7, 2000,

oA Labs 21 Conference. Lawrence Berkeley National Laboratory presented on high-per
‘ormance hood, Ban brancisco., CA, September 2000.

“Building Green, Building Partnerships.” Kath Williams presented one and one-half day work
shiop, Cregon State University, CO(\/JHE“, OR, August 15-16, 2000.

Biennial Conference in Chemical Education. John Amend of MSU, Dale Hammond of BYU
Hawaii, Alex Whitla of Mount Allison University in New Brunswick. and MSLU graduate student



iim Sorev presented green chemistry software during wo tiree hour workshops at Michigan
siate University, Auaust 2000.

mternavonal Conterence on Chamical bducation. Dale Harmmond and Sophia Nussbhaum of
the Liniversity of Brilish Columbia presentec in Budapast, Hungary, in August 2000,

L5 Environmental Protection Agency. CHA Corporation presenled ain scrubbing and filter
reitvenation technology in Gincinnati, OH, July 13, 2000.

and Waste Management Association Annual Conferance and Pxhibition. CHA Corporation
nresented air scrubbing and filter rejuvenation technotogy in Salt Lake Cily, UT, June 1822,

“nual Meeting of the Forest Products Socisty, Wu, Wanner and Garman of University
0 presentad lam-lumber stress test research, South Lake Tahoe, WV, June 17-21,

ting Assessment From Faculty: Communicaliog the Drass tacks and the brass ring ™ A
rkshon on HHEP protocol presented by D Kenneth F.wland American Association for

Higher BEducation Assessment Conterance, Charlstia, NO. une Qoaj)o_

arated Desian: More than just a big team effort.” HEob Beirkebile and «ath Williams invit
=00 presenters, EnvironUesiand Corference, Denver, CC, May 20, 2000.

Leneral lectric Gorporate Research and Davelopment Centar, CHA Corporation presented
an serubbing and filter rejuvenation technology on May 10, 2000,

“A Creen Building =roject: Bringing a cam puu xyethar,” Kath \’ IIB'TI: invited keynote speak-
nico State University's Recycle Weak, \,hsm CA, April 13, 2000

: Department of Energy/NREL Charstte. Kath Williams imvited participant on renewabla
eneray team, Washington, D.C., March 29, 2000.

“rvironmentally Friendly Laboratory Desian and Product
presented by Hichard Johnson at PittCon 2000, New Orle

)ponscrﬁd by RandD Magazine,
s, LA, March 1_3, 2000

Htlaporative Desian in Health Care Facilities Planning.” €
ams to Michigan AIA annual conterence, Shanly Creek

“the EPICenter: A 'areen building' in the making ™ Kath Willams invil
1or administration ol University of Washington, Seattle, March 8, 200

i-. CHA Corporation nreuun ted air scrubbing and filter rojuvenation S5t
g in Houston, TX, Marcn 7-11, 2000.

istainable Campus Planning,” Kath Willlams selec
and University Flanners (SCUP) Pacific Regional v(_)mu:—;: xcﬁ: beqtﬂ ] Wf\, v’l'lrch , zOuO.
~d invited presentation by Kath Williarms, “Infustry x‘"‘J‘enﬂnemlms. Bring Companies to
Lampus,” (highest rated program at conference).

C=eD Certification Workshon. Kath Williams participated, Seattle, WA, March 4, 200C.

sorderence with Architecture and Environmentai Studies classes, University of VYermaont.
At invitation of Maury Striklyn, Kath Williams presertaed, January 27, ZOOO.

=il
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Green Fartners Conterence, Bob Berkebile and Kath Williams invited participants,
LSGRC/AIACEI stratenic planning meeting, Seattle, WA, January 23, 2000.

sular 2000, Green Architecture presentation by Jason Fo Mclennan, Chattanooga,
lennessee.

solar 99, Emeraing Architectire presentation by Bob Berkebite and Jason F. MclLennan,
Fortland, Maine.

"National Sustainable Buildinas Workshop.” Kath Williams sponsored presenter and staoring
committee member, Cenler T(»r Sustainable Systems, University of Michigan, Ann Arbor, M,
Zctober 9, 188C.

“National BeSource Center for Sustainable Buillding Technologies.” Kath Williams invited

xeynote speaker, Amencar Association of Housing Educators, Orlando, FL, September 25,
1909,

ERPICenter: A ca
'\urwd presenters, FEN
ambridge, MA, Saptemier 8, 1

study of model taboratories.” Kath Williams and Kathy Achalpohil
z of the 21st Century conference, Harvard University,

SIIETEN

EPA Labs of the 215t Century Initiative. Kath Wilkams served on steering committee, Harvard
Jniversity, Cambriclge, MA, Septemper 7, 1989,

ZPA Labs of the 21st Century. Lawrence Berkeley National Laboratory presented on emerg
g high- tech building tachnologies, Harvard Universily, Cambridge, MA, September 1299,

‘Collaborative Desion of Green Buildings.” Kath Williams and Kathy Achelpohl invited work
3nop presenters. Society tor College and University Planners (SCUP) national conference,
Alanta, GA, July 27, 1998,

s Ultra in Design of Greer Bulldings.” Bob Berkebile and Kath Willlams invited prasen
CEnvironDesign3 contererce, Baltimore, MD, Aprit 3C, 1899,

‘GGreen Building Challenges.” Kath Willlams and David Goltfried invited workshop presenters,
National Poilution Frevention Coaliton and CURC westarn regional conference, Stanford
Jniversity, February 18, 1989,

‘Green Building Technologies.” Kath Williams invited keynote speaker, Fisher Hamilton Inc.,
natonar distributors meeting, Kohler, Wi, January 24, 1998,

American Society for an Erergy Efficient Economy. Jason F. Mclennan presented the "Living
3uilding and MU Asilomar, California, 1998,

afing lomorrow's Leamaer-Cenlered Ernvironments.” Kath Williams, pane! participant,
CBE/SCUR sponsored vidao conference, MSU Campus, Bozeman, MT, October 22, 1998,

American Saciety of Civil Enainears. Kath Williams presented, MSU Campus, Bozeman, MT,
Jctober 1998,

1S Green Building Councll Summit. Kath Williams presented, Big Sky, MT, August 1998,

niversity of OUregon sustainability Conterence. Jason +. McLennan presented, Fugene, OR,
sprng 1998




cslict BFA meeting. Kath Williams presented, San Francisco, April 1998,
Clate begislative Committee. Kath Williams cresented, Helona, MT, March 1808,
Lastnct BFA meelting. Kath Williame presentad, SBoston, MaA, January 1998,

MSU's "Green” Building, presented by Kath Williams, Bob Lashaway and Don McLaughln 1o
the Bozeman Citv Lommission, Bozeman, MT, Decembar 7, 1997,

tern States PETE Conference. Kath Williams presentad, San Diege, CA, August 1997,

“A Nodel Svstem to Study Mechanisms of Pentachiorcpghenal [PCP) Phytoremediation in
" Miller, £ H Veeh, T McDeaermott, and W.E. Dyer presentad to international Businoss
onsortium Gonterence on Bioremediation, Seatiic, WA, 1947,

""" > presentations by Place Architecture, Bozeman, MT, at regional meetings/conferences

AoMSU Senate Presentations - Three presentations by ERICariter project chief, Kath
ams, one by Place Architecture, and two by MSU student interns.

ulty Councll Presentations - Two presentations by EPICentar project chief, Kath Williams.

LAWTence -XEIKPI(‘, National Laboratory gemonstrations: rep vt:enta iv'e: from many organi-
zauons, sucn as s BEPA. PGandE, and CEC have visited LBNL's Industrial Vertilation
Laboratory 10 view the prototype High-Performance Fume Hood, including discussion with
memoers of Calitornia Maior Energy Users Group.

Montana state University-Bozeman, Safety anc Risk Management installation: prototype air
sorupber and reiuvenation system designed and m actured by CHA Corporation, proto-
wpe low-tiow tumea hood designed by Lawrence Barkeley National Laboratory and manu-
raciired by Fisher Hamitton, Concept 2000 energy afficient fume hood designed and man-
utactured bv Fisher Hamilton, prototype photovoltaic solar panel designed by Solar Design
and Associates and manuiactured by Sun Earth.

a Press. (1997). Senate OK's Bonding, Spending for Buildings. Bozeman Laily
, Apr;i 13th edition, €.

iated Frass. (19671, Site Picked for MSU's “Green” Building. Bozeman  Daily
icla, August 22nd edition

Lnren

o

Associated Prass. (1697). Site Proposed for MSU “Greer” Building. The Prairie Star,

saptember editon, C7.

sclated Press. (1908), MSU Profs Worry "Grean” Buiiding May Become White Elephant.
gston bnferprise, March 10th edition.

S
Rt

sociated Press. (19881, Faculty Worries About Cost impact of *Green Building.” Miles City
March 10th adition.

Agsocialed Fress, (1998), MSL) Goes Ahead With Buildirg Plans. The Billings Gazetle |
=mbar 1/ih cd:non.
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Eovironmerital_Scienca _and

“Green” Building on Campus.
A7, 412-414,

Hetts, K., {1939
lechnology/]

serkehile, R.J.. and Mclennan, J.F. (1993} The Living Building. The Word and |, October,
160 - 169,

Boswell, £ (1997). Cleveland St Site Tapped for New Bullding. The Montana Slate
ollagian, Fall lssue, 10,

Hreeding, . 1998). Building for a Belter Future: Forum looks at goals of sustainabile davel
pment. Arizona Dally bur, October 4th edition,

Zridger Alternative Program students. (2000). What is a Green Ruilding Anvway? Series of
puplic service announcements for young people. Funded by Cable News Network, Captain
~ianet Foundation,

whaney, B, (1847, Malone: Change on the Way for Higher Fducation. Bozeman Daily
hronicle, September 2t editon, A-3.

haney, R, (19971, Hegents Approve Building. Bozeman Daily Chronicle.

shaney, R (19871, Studant Building Aims for the 21st Century, Bozeman Daily. Chronicle,
september 2nd edition, A-24.

shen, A, (19991, EPICenter: Montana State University's Green Building Proiect.
cnvironmental Brergy Technoloay Division News, Lawrence Berkaley National Laboratory,

clia, T (1997), MSU Wil Pay To Maintain New Classroon Building. Bozeman_ Daily
snronicie.

Fett. B.J. (1889, Reality of EPICenter Called Inte Question. The Exponent, Vol, 94, I1ss. 5, 1
and 4.
lacobs, G. {19881 Research Helps With Well Rounded Education. Bozeman. Daily

whronicle.

iohnson, M. (1928, Cificials Lebby for “Green” Building Funds; $10 Milion Scught. The
Exponent, February 1010 edition, 1 and €.

Kolman, J. (1908). Green Building's Growth Stymied by Lack of Green. The Bilings Gazette,
SJctober 6th edition.

The Billings

Kolman, J. {1998}, MSU's "Creen” Building Plan Falls Short of Financial Goals.
caazelle, October 8tk edition, 3C.

Hawken, P, Lovins, A., and Lovins, H. (1999). Chapter 5. Building Blocks. Natural
L.aptalism.

Lutey, 1. (1998). MSU's "Green” Building Put On Hold. Bozeman Daily Chironigle, December
16th edition, Dg. &

Maboll, K. (1988). The Qdyssey of the ERIC Continues. The Now Perspective, Vol. 1. No.
Tt andd 4.




soCann, M (1997) From Your Ledislators. The Plaine County Journal, April Sth edition, 4.

University Panning New Classroom Building., The Montana State
issue, o.

nnan, J.F. (20001, Life of Cartoons. Mechanical and Elactncal Eguinment for Buildings.,
ain and Hevnudh. John Wiley and Sons Publishing.

Moiennan, b (1988), The Living Bullding. AGEEE Proceedings 10 Building industry
frends and oublect and Author Index, American Gourcil for an Energy-Efficient Fconomy.

V]

Middlebrooks, M. {1999}, ASMSU Gives the Signal To Laund
cxponent, Vol. 91, Iss. 4\5. 1 and 4.

-PICenter Pilot Project. The

ddlebrooks, M. (1889). Developments in MHelena Affact Students. The
iss, 40, 1 and 4

Miller, E.K. (192¢), Phvioremediation of pentachiorophano t':nv crasted wheatgrass
{agropyron cristatum L.y Montana State University-Bozeman. M.5. Thesis, 86.

avmond, M., and Lindaren J. (1898). MSU Green Building Funded - Again. Conrad Burns
Press Ralease.

sonwetter, L. (19970 Hamilton Hall May Be Retired. The Exponent, Vol 83, I1ss. 41, 1 and16.

sohontzler, Gl 1947 MSU's “Green” Blnldnnq Made of Recycled Matarials. Bozeman Daily
whronicle, Novembpear 16th edition, 21 and 2

scnontzier, Go (19971 Area Has Few “Green” Suppliers. Bozeman Daily  Chronisle,
lovember 16th edition, 21 and 23

LOnONTZIer, . (1997‘;. Work on Green Building Getling Under Way. Bozeman Daily
Coronicle, November 16th edition.

“shontzler, G (1997), Ballot Snatu. Bozeman Dailv Chronicle, November 16th edition.

Shanizier, G (1997), Clinton Vetoes Grant for MSU's Green: Buildina. Bozeman Daily
hronicle.

ontzler, G. (19971, Delegation Blasts "Green” Ruilding Veto. Bozernan Daily Chronicle.

shontzier, G {1998). "Green” Building Sessions Planned for Coming Week. Bozeman Daily
Chronicle, January 3rd edition, 3.

(1998). Brainstorming Sessions Produce Some Gresn ldeas. Bozeman Daily
“hronicie, January 8th edition.

\,,r%w‘»ntzier G 11998). Green Building Coulc Be "Livinkg  Experiment.”
Chronicle, January 11th edition, 3.

Bozeman Daily
=ohonizien, G 1998), Burng, Hill Try To Revive “Gireen” Building Funding. Bozeman Dail
Chronicle, January 30th edition,

nontzier, G, (19981, A White Elephart” Bozeman Dallv Chronicle, March 10th edition, 1
NG 10,




schortzier, Gl (1998). Professors Question All That "Green.” Bozeman Daily Chronicle, April
24th edition.

an. Daily

Schontzler, Go (19981 Protessors Withhold Criticism of Green Building. Boz
_ whronicle, Aprit 3uth edition,

schontzler, G, (1908). Co
Uhronicle, June 24th edi

aress reconsiders $5 Million Green Building Grant. Bozermar Daily
on,

Rontzier, G, (1088). MGU Cheer Decision: Ruling may restore 85 million grant for 'green’
ouiiding. Bozeman Daily Chronicle, June 26th edition, 1 and 8.

schonzler, G. (1998). Green Building Gets Green Light. Bozerman Dally Ghronicle, August
26th editon, 3.

schontzler, G. (1998, University Amending Plans for-lts Green Building. Bozeman Daily
hronicle, October 14th edition,

schontzier, G. (1988). Experts Come Together To Talk Over "Signature” MSU Project.
Hozeman Daily Chronicie. October 15th edition.

schontzler, G, (1088), Sludent Enroliment Add To Upbaat Mood at MSUL. Bozeman Daily

shronicle.

schontzler, Go (1998). MSU's Decision on Green Building Was One of Common Sense.
Bozemarn Laiy nicle.

3. Historic Buildings Tell Story of the City. Bozernan Daily. Chronigle.

schontzler, G, (1

schontzier, G. (1838). Malone Gives Annual Report on the State of MSU. Bozeman Daily
mpigelslioilcy

9. Regents 1o Consider Final Version of MSU Green Building. Bozeman

schontzlar, (3. (19
Daily Chronicle.

schontzier, . {1999}, Feagenis Approve Spending for “Green” Building. Bozeman Dally
Jhronicie.

). Congress Restores Fundirg for Green Building's Roof, Bg

schontzlar, (5, (200
zhronicle.

spangler, J. (1998). Green Building Planning Gats Under Way. The Exponent. September 4th
=dition, 7 and 9.

sbangier, J. (1998}, Green Bulding Project Offers Paid Student internships. The Exporent,

‘ol 91, 1ss. 10 1 and 4.

spangier, J. (1999). Face It, MSU: ERICenter project is nothing but a pipe dream. The
—xponent, Vol 94, 1ss. &, 2 and 3.

spangler, J. (1999). ERPICentsr Goes for the Grean. The Exponent, Vol. 91, iss. 12, 1 and 5.

sspanaler, J. (1999), Forum Held on EPICenter. The Expgnent, Vol 81, Iss. 13, 1 and 4.
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Y7y Busingss Briets: Place Architecture will design MSU building. Bozemarn
september 7th edition, 22

Stalt Writer, (1997), EPICenter: MSU leads tha nation irto the 21st Century. Tne Exponent,
Cowummer edition, 12,

Adall Writer. (10981 Rasearch Success at MSU Can't Be Dismissed. Bozeman Daily
Cnronicie. segtember 4th edition.

stalt Writer, (1296) MSU's Green Building Topic of Forum, Bozemar Daity Ghronicle, October
i 1th edition.

cLtat Writer, (1599, Construction to Start on BEPiCanter Rilot Project. The Exponent, Vol. 94,
tas 1, Tand 5

stan Writer, (20001, New Fume Hood Technology Could Save Bilions. Dally University

Staft Writers. 119880, Sustainable Desian, Building and. Develcprent Rasource Directory.

- areater Yellowslone volume, wrilten in partnership with Buiding Concamns, Sausalito, CA
and Global Environmental Options. New York, NY.

stein, B, and Bevnolds, J.S. (2000). Mechanical and Electrical Equinment for Buildiras, 9th
dition. Sources of Energy; 11-17, Desian Slrategies for Sustainability, 21-23; Fquipment for
IALL 366 367; Un-site Multiple Building Sewage Treatment, 719-722,

cokarski, ML (1899, MSU To Build New Lab/Classroom Faciity. The Exponernt, Vol 91, Iss.
: Tand 12,

innity-stevens, A, (19953, “Green” Project Makes Tailings intc Blocks. Discovery. Vol. 7, iss.
T and 4.

irinitv- Stevens, A, (1997.) Green Building Site Proposed. The Exponent, September 16th
= ition.

irirtv-Stevens, A, {1998). Educational Forum To Showeass “Green” 1deas. Discovery, Vol
10, 188, 2, 4.

rinity-stevens, A and Kirkland, K (19997 MSU Bullding to Test "Green” Technologies.
Marthwaest Science and Technology, Autumn lssue, 24.

Trinity-Stevens, A and Rath, B. (1898). Imagine. Thatl. Series of 8ix cartoons on green con-
cepls, State newspapers.

Aliams, K. (1998). Campus Building To Teach Sustairability. govironmental Desian and
onstruction, 12-143.

HMilllams, K. (1999), EPICenter Honor Roll. The Exponent, Special £dition, 10-11.

iams, K. {1999). Slate Facilities and Sustainabilitv, Shep Talk, Summer, 5.
willams, K. (2000). Conversations on the Environment. ECO-TALK with Randy Larser,
Swational Public Radio, tapad April 14th.
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williams, K. {2000} A Leaming Experience of Epic Proportions. Envirgnmeantal Desiarn. and
construction, Vol i No. 4, 40-45,

wilson, A., Uncapher, J.L., V
(1993} Green Deve

Manigal, LA, Loving, L .H., Cureton, M. and Browning, W.D.
‘opment. integrating Eoology and Real Estate, 183-184.

seiher, 1L.C. (1996, National Rasource Center. The Ecclogy of Architecture: A complete
guide 1o creating eovironmentally. conscinus building, 33-35.

PURLIERTIONS (M PRI
Borland, K. {2001}, Response to call for special issue manuscripls on “assessmant of learn-
ing.” Journat 07 the Art of Teaching, due 2001,

worman, 1. {2001} Based on additional findings that result from our current, follow-up study,
we anticipate publishing the 1esults in the Forest Products Journal, likely in press by parly
2001,

Miller, EK, ME. Chaverra. and W.E. Dver. (200_). Metabolism of pentachiorophens! in
axenic and inoculated crested wheatgrass (Agropyron cristatum L), In preparaticn.

=oarce, R, {2000, Article submitied to Journal of Environmental Education in falt 2000.

Willlams, K. {2000). Perspactives. Bulding Operating Managemernt, in press.

Milliams, K. (2001). Special ssue: Trgonomics and Architecturs. International. Journal of
industral Eraonomics.
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ERICenter Web Site (hitn//www roontana,adu/epicenter/index. birn

5%

LN High-Tech Buildings Web Site includes the Berkeley Laby High-Performance Fume
Hood brochure (ntp/lateamblaov/hood, also will be linked 1o the EPA and DOE
raporatory for the 21st Century Web site at: ptip://www.epa, qov/abs?2 1 century/iang 1init




FUTURE WORK

el Wisiams Td.D + Kathy Achelpoh! AIA

The human race is challenged more than ever before
to demonstrate our mastery—not over nature— but of
OUFSEIvVas.

Hache! Carson-Howard Wilshire

and Clark created the most comprehansive collaction of maps and resource catalogs
: mm existed ac mav explored the west, They also left guestions unanswered and more jour-
Cnevs Vel untaken for others who toltowed. The MSU ERPICentar project answeared mary gues-

tons and deveioped much of the technology needed to defifie a new more sustainable way
-1 puildding, but much work remaine.

warket transiormation to more sustainable products is underway through the work of various
rational movaements, like the US Green Buiiding Council's LEED rating system and the pro-
mouon of iite-cvcle assessment 1ools tor material selecton such as Athena and Baseline
Green. Another way market fransformation will ocour tlm suah the identification and Sup-
sort tor products manutactured from the “waste” processes of industry, For example, test
resiits indicate that higher percentages of 1ly ash should no ,aneldeled in the desigr of con-
ate structuras than those currently being used. Thase resulls halp to continue the progress
ot suslainable desian and development.

ONINUOUS real-time measurements are vital to document and maintain the performance of

cuiiding systerns over their useful life. Typically, machanics gineers are not compenséated
1o measuring eir designs once built. As a result there is il evidence that one dasign per-
torms better than another and there is a strong tendency 1o rapeat designs that "worked” in
the past without knowing how well they worked. Performancea measuremeant requires that the
mechanical desian community work with the contro! industry 1o develop the necessary sen-
sur aceuracy and archiving sotiware. This information should be usad in a continuous com-
missioning of a compieted facility.

Maoro level health and human productivity analvsis looks at building experience holistically
rather than atl its component parts. Many questions anse as we begin to address how the
Lullt environment iHﬂU@l"ICG"‘ its users. Does experience in a "green” building influence the
user's environmeanial vaiues and haalth- prometing beniaviors? How much experience with a
areen” building is needed for positive impact 1o occur? Can & building influence people who
ao not expenanca it firsthand? How do we contnue 1o quartity results”?

~=cause of the breadth and depth of the design teams, rany of the design achievements
Hve already ceen incorporated into current projects. The EPICenter Pilot building design
ance puwit, must be monitorad, evaluated, and the design refiried so that the “holistic build-

mo” concept can be adopted or improved basad on its results,

Fuiuire Work
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the commonly held belief thal a green building costs more must be chalienged and the
ite documeantad, Evidence corroborated by the EPICenter team suggests that with prop
e desigr, payback time for green features can be minimal (see ‘Harnessing Eneray”). The
new tools developed for life cycle qr,alv 3is wili help develop a hody of data to change the
Leliet that there is & "areen premium.”

“he axpeclation ol ail researchers is that a substantal contributionr be made to the body of
literature for “hat sclence. The design team members, industry partners, and the project
managemeant plan ¢ publish results and 'essons learnad and will ¢ ormnue o aclively pursue
cn-ine, real tme data sharing from the prototypes developed by this 1. Some of the

roject team's tutures werk is summarized helow

M5 Performance:

team mambers (including industry parthers) ses several assential steps to
advance the science of high performance building technologies:

¢ The evaluation and
=ark

sting of the prototypes installed at the Advanced Techrology

Refinement of the prolotypes for manufacturing

ommercialization of resource eflicient products, such as the ﬂvher Hamilton
Concept 2000 Fume Hood, tha LBNL Low Flow Fume Hood, CHA's microwave air
purfication system. and Solar Design Associates’ Photclherm (see Power Team)

Developrnent and Commercialization of Prototype Fume Hoods.

Fisher Hamiltor: Product Manager Richard Johnson says of the prototype
hoods, "Only through'benchmarking and measuring the performance lavels of
these preducts, after installation, will thay prove themselves 10 be successhully
mnovative 1o the marketplace and a viable alternative to standard products that are
commercially available today.” Work must continue with product development and
lhe results measurad. Market research is needed to detarmineg the "marketability”
ana proauct positioning upon entering the market. All of these results, made
possible by the NIST grant, must be shared with laboratary users and the architec-
twral/design commiunity.

LBNL's Ipw flow fume hood waork focused on four-foot hoods, and they plan to
prototype additional sizes such as six or eight-feot hoods. LBNL has plans 1o
devedop and commercialize their new high-performance fume hood lighting system.
Promising lines of :.‘ere resaarch/study include:

Development of an iyiterface betwaen hood controls and laboratory control systams
Modification and study of the ef uus/bemehts of supply plenums in advarced
f‘xme hood lechnologies

mprovement-ol the hood/sash air bypass and leakage and analysis of the
mﬂuunes of sash track on containment
Evaluation and refinement of the rear baffle design
Study of the etlects of different screen meshes, plerum boxes, and cutlet
gaometrnes on the supply systerm

1

o




addition, examination of a series of "whiat scenarios 1o evaluate performance over a
range o1 operaing condiions should be uonoua ted to ansuwre safe operation under all rea
sounable conditions. Determination: of tests that simuiale bood use beyond the ASHRAE
standard 110 est need to be made. Also. considerahle work and supporting research is
required 10 overcome codes and standards that would prevant or inhibi the use of advanced
tume hood technotogy.

Continued Development of Air Purification Technology. CHA Corporation plans

sirther develop its microwave air-purification technoiegy to remove and ﬁhi[fuy
toxic ar poliutants trom fume nood exhaust. To reduce certain emissions and save
sanral gas, microwave catalvtic oxidarion tachrcuies w»l% be daveloped to replace
“urrenit thermat and catalvtic oxidation. The develbpment of this microwave tech-
notoay may pe extendad to the remaoval and destricton of VOTs generated from
ary cleaning and painting operations.

Further Research into the Design of Mors Efficient and Safer Laboratory Buildings.
whawn Murray, the mechanical enginesr of record for the Pilot building high
sghted a number of areas for furtt arch o help englneers design safer and
more etficient laboratory buildings: 1) Work with n

nanufaciures to reduce pressure
logses In lume hoods and air valves; Z) tore regearch on the effect of supply air
aistribution on the permrmdnce and safety mf fume hcods: 3) Research in the area
T tume hood fifration and the poss:hility of re-circulating air exhaustad from a fume
d: 4) Additonal research on the pos ,\.zbmt\ of varable crifice stacks (to eliminate
: NA . exnaust stack): b Further research onequipment load diversity as the
Lusis 1o sizing |ab“ratorv cocling plants, ©) More research to determine human
comiort acceptability ranges with radiant floor heating systems and for evaporative
L0y systems in climates where occupants are gocustomead 1o low humidity,

=gl Levin (Building Boology Research Group:, & buliding ecologist, identified
=gveral other areas of turther research 10 desiagn more efficient and safer labora-
fory environments: 1) Research on the use of passive ventilation schemes in large
atrium spaces with large thermal storage capacity i climates with diurnal temper-
alure swinqas; 2 Hesearch on groundwater use for pre-codling and pre-heating
(deita lemperaiure of the groundwalter supplied and returnad as well as aquifer
remperature); 3} Hesearch on various local occupant control schemes where occu-
pants would be able to request thermal, air mgvemint, ilumination or acoustical
nanues through a microprocessor conngcted to the bulicling energy management
wstem: 41 Research on how clothing attects thermal comfort ir regions with low

tdoor winter temperatures

% Gontinued Development of “Plus Ultra” Commissioning. The Plus Ultra commission
iy process rees on high-speed data loggers to hardle continuous data collection.
mon Herkins of supersymmetry will be continuing his work t© develop monitoring
sottware that takes the intormation gatherad and presents it As part of the NIST
grant, Ferkins has been working vvnh I abVIEW gata acquisition software (from
National mstruments) that creates rinterfaces 1o give the user interactive con-
it

ol of the sottware system.

Funre Waork
I + BNIM Architects




Further Research on Human Factors of Green Buildings. As part of the EPICenter
sonceptud: ramework or the study of human ractors was developed,
spacific measures and methodologiss identified, and baseling data gathering rad
Jarann Weinert of the multidisciplinary "MSU Green Team” poirts out,
s particdlarly important that we have sound, adsquate, and appropriate pre
measuras of multiple human and environmental [buildmg} parametars prior to the
onset of arean construction...as 1 basis of comparison.” Many. of the pre-tests
were accomplishad. however, long-range plans await Tumor funding.

Qlect a «

fhe Materials team identifiad
Continued Development of Waste Stream Products. The ERPICenter project support-
20 the development af waste stream products for two reasons —waste minimization
ootential and economic development potential. The project team expicrad several
oroducts, including Zeo-Bates from waste office paper and a number of Portland

sement atamatives, Further testing into the longevity and durability of the materials
in diferent climatic ragions should be studied.

[El

Further Research to Reduce Waste and Create New Products in the Timber Industry.

<10 vastly reduce waste ard improve the optimization of timber resources,
ressareners: at the University of Idaho worked to develop instrumentatior and
methods o determineg the sliffiness of wood in \,\andmg rees. Thelr findings are
Sncouraqing ana show that a greater number ansf rangs of trees should be
sampied. Ultimately Idgrest managers could use these new 10ols (G Improve their
apility to select trees more eificiently.

MWWyvomning Sawrmills plans 1o continue their work with Forest Products Research
anoratory exploring mo integration of agro-based fibers to reduce toxicity of resin
Dingers and 1o increase beam strength (1o reduce bean size and expand struct-
ra am)uf;mlons; Alsp, addilional research on the use of new non-VOC adhasives
needs to te performed.

: The Development of Regional Data Bases and Markets for Construction Waste and
Reuse/Recycling Opportunities. MSU researchers and students developed a
"aSeUrCE Culae 1or construction waste i the Bozeman araa. Publication of this
nformation and a weab-basad resource should ba develnped and maintainad.

Reﬁnp New Material Selection Tools. The project team members that developed

eetme urean (BNIM. Svivatica and CMPBS) will continue to refine their life cycle
il selection tool and wil! be teutmg it further using future projects in
various realons of the country.

Water conservation & nri wastewater treatment continues to be an area for new research.

i Further Research on Rainwater Harvesting. MSU-Northem's rainwater harvesting
wroject indicates that iuture research should include the monitoring of stored rain
water to provida information on the result of long-term storage and changes in
waler quality in conjunction with the development of biolilms that may alfect water

quality. Comparison of the efficacy of treatment processes on the long-term stor
ager OF rainwater would also be informative. Finally, the design of a gravity filter that
could provide tilralion witheot using electrical energy should be investinated.




Continued Wastewater Treatment Research. In wastewater treatment, research on
rmaoval o1 polar organic selids should continue, fitting data to kinelic or statistical
modeds i order 10 draw guantitative conclusiong about solvent degradation that
an be usad in the dasign of wetland freatment systems. Many 1ocal governmants
drrentiv use land disposal without treatment, which is pocrty regulated with likely
aetrimental impacts, Proot of feasibility of the ATAD system creates. an opportinity
r Dot tesung ol the system on saptage, with the goal of producing a safe and

sernaps aven marketable product.

Further Testing of the Ability of Plants to Remediate Chemicals. The bioremediation
wroject results indicale feasibility for using plants for remediation of some common
aboratory chemicals; propagation efforts were successiul for a number of native

and adabdted specias. Further screening efforts may be fruitful in identifying species
ar species mixes that are optimized for cartain waste streams. Such systems could
mave additional practical applications for hicremediation of other domastic or com-

mercial waste streams.

hybrict solar collector and

=0t of the

e

e Power leam's primary work focused on the daevelopme
the prototype installed at MSU Safety and Risk Management.

Continued Development cf the Phototherm Prototype. The Phototherm proof of con-
her 1o be part of an integrated roof system.

<20t prototype should be developed turther 1o
fhig reauires the collaboration of the developers Solar Design Associatas, and
manuracturern, sun tarth, with a curtain wall/glazing company such as Kawneer.
ine goai of this collaboration will be 1o produce an integrated hybrid solar thermal
r that can be certitied by Underwriters Laboratories (UL) and the Solar

Certitication Council (SRCCY for thermal issuas,

iating and

Field Testing and Continued Development of Fuel Cells. Avistal abs of Spokane,
ashinaton offered a PEM fuel cell fcr inclusion as a powsr source in the Pilot
puilding. The firm is presently field testing beta versions in 2kW units with a "mod-

uiar” approach 1o design being reuommpndad This option was presented by Kath

‘illams at the DOE/NREL Charrette in Aprdl 2000 and adopted by the Power team
us an important strategy. Expansion of the lield testing along with continued dove
wpment of fuel conversion techniques are planned by Avist

al.abs.

uture work.

y. Professor John Amend's

“Gareen Chemistry” Softwa

urther Devetopment of

€ Fu

aroun al MSU will continue to explore the r:>fzs<‘ibii ties for inguiry

s tor web-based and remote I Woratory clas

learning and turther develop option
rOOMS.

» Green Building €
then there remains a naed tor a National

O Development. If one accepts tha

1\“’1\J L
reen education” as a "No. 1 priority,”

ReSource Center. A stratsgic plan, developed t
wer 51 million in operating funds to provide a bas
Cuse/iniormation center/green Hbrary.

o web-hased

edrnan

based chemistry

Council's identification of

h((‘»ugh this projact, would require

.
\A 5
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I'he Montana State University-Naorthern straw bale project has been expanded 1o
nciude a website with materials pertinent to the high line region of Montana. The
instructor and students are seeking grants to support continuing operation of the

site.

ne EPICenter project wam has been frequently invited to present the concepts. design,
=chnology, ard lessors leamed in a variaty of venues. This work, along with publications,
will continue to reach out 1o those interested in learning more about greer: bulding design
stratedies, performance and technologies that were developed as a part of the EPICentar
project.




CLOSE

Kath Williams Ed. il

* i3 the autumin of 2000, As four hikers rest by Spanish Creak, it is easy to look around and
: nature chanaing. Freparations ior a long winter are svident. The meadows are spent
ane mbutary creeks are reduced 1o a dribble. | recall a favorile poerr. E

t is what we see,

4, the Afternoon

sauirrel, tclipse, the Bumble-bee,
Nay —Nature is Heaven,

Nature is what we hear,
e Bobolink, the Sea-

Thunder, the Cricket-

MNay — Nature is Harmony.

Nature is what we know
Huf have no art 10 say,
Soimpotent our wisdom is
1OoHer simphicit

ity Dickinson
ihe Complete Poems of
=ik DicKinson

The EPICenter proect that broughl these hikers togather is also changing. Some parts of
e project are aoing into dormancy, just like the shedding trees. The pilct huilding design
has shown its brilliant colors but must wait in a drawer for new life, hopefully when con-
struction beains n the spring.

As we shared the awesome canyon, Bob Berkebiie, Jim Hill, Rick Johnson, and | spoke of
Wiy our work had been important. It was comforting to hear shared values:

ency in the need to protect Montana's great baauty

Fride in the EPICenter team's phenomenal accomplishments

Reassurance thal there are emeraing champions to support essential future work
ang me

Ueliant in the extracrdinary partnerships me project fosterad

Aot us knew the proiect had weathered rough times but found solace that many things
apout the EPICenter are ever "areen.” The successes of the NIST research and develop-
ent proiect now have lives of thair own; many project participants have embraced sus-
sinability and s concepts: the Pilot buiiding design conceplts are already being incorpo-
‘.At =d into real projects and the team members are sharing the lessons leamed with audi-
0% dround ma world

 Wikkams EJ.D



-

Much has been learmed throuah the EPICenter project. Two of the simplest lessons:

s d committad team with shared goals, vivacious spirit, persistence and
determination. The best work —laking someathing “more, beyond” —comes when
creative piayers explore together drawing upon shared values and divarse
sxperences. As Bill Browning of Rocky Mountain Institlie said recently, "Kath, you
nave the nation's best team.” It was Dickinson's Heaven in lots of ways to work as
part of this team.

some of ug had 1o learn to be green. Embracing the “Plus Ultra” concept showed
many of Js tow impoetant our conventional wisdom had been. We now ook at
1ot only as the onty way of doing business, choosing prod-

resource Consarvatic
Ucts, and mairtaining the built environment, but as a new "old fashioned” way of
thinking. We've accepted Nature's simplicity as the mos!t elegant design,

the EPIGentor project played the role of teacher to many more people than “strategicatly

planned,” perhaps many more than the team will ever know. As Bob Barkebile noted in the
# Pretace, this team was on a ioumey akin to Lewis and Clark. As a team, our discoveries will
= De debated and discussed lke all good contributens to science. We made signiticant
progress as we expiored hut we did not find our Northwest Pagsage. There is a need for
more Corps of Discovery members on the jouneay 1o sustainabilily.

: David Gottfried and Bob Berkabile taught me an important lesson. ... that every one of us has
T & f0le 10 play; every one can conuibute. Our hike left me in a peaceful state, knowing in

seme small way that our leam made a difference. Now, as the ERICentar project goes dor
& mant, somehow | know there will be a spring when its fife will exhibit new vitality.

""" KW
Bozeman, Montana, September 2000
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EPiCenter HONCR ROLL

Nancy Harr

niversity's *Graen Building” Project

Berkebile Nelson Immenschuh McDowell Architects, Kansas City, MO

Eob Berkebile, Kathy Achelpohl, Clint Blew, Dale Duncan, John Gasaway, Bryan Gross,
c.athi Haves, Amanda Halcomb, Bob Jame v Janvis, Chiristopher Kelsey, Mark Kohles,
-iason McLennan, Maria Matiry, Dan Maginn. Tom Nexlson, Anil Parchal, Beena Ramaswami,
Monica Rodriauez, Stephanie Sharp, Greg Sheldon, Zack Shubkagel, Elizabeth Srnith,
Fhaedra bvec, Jav Tomiinson, Andy VanBlarcum, Stefania Vigarani, Sherry Van Do

Lar

Place Architecture, Bozeman, MT
con Melaughiing Hilary Dustin, Mark Headley, dell Downhour., Larry Lomax, Tammy Minge

CTA Architects
Ke:ith Ruppert. Sue Anderson, Shawn Murray, Terry Keuba, Cory Johrson, Ron Pecarina,
Handy Dinger, {(Billinas, MT} and Alan Bronec (Missoula, MT)

. Beaudette Consulting Engineers, Missoula, MT
oM Beaudetta, Steve Brackman, Janna Batty

MSE-HKM, Inc., Bozeman, MT
Clint Litle, Jim Potts, Zach Lowe

Facility Improvement Corporation (FICO), Great Falls, MT
»hn Phillips

Burt, Hill, Kosar, Rittleman Associates, Washington, DC
Harry Gordon

Andropogon Associates, Philadeiphia, PA
_olin Frankiing Lesiie Sauer

Short-Ford Associates, London, England
Sian Short

Morrison-Maierle, Bozeman, MT
cack chunke, Glenn Wood

Terracon, Billings, MT
Hevnolds

Industrial Services Group, Billings, MT
Jason volimer

Rocky Mountain Concrete Products, Billings, MT

Associated Students Montana State University (ASMSU) Senators

riter Honor Roll
cy Harris



ASMSU Presidents
cames M

Ay 19481997
Hrad schiepp 1997-1998
Mat Mokamay 1998-1998
Jared Hards 1999-2000
Kira Kountz 200G 2001

Blueline Online, Palo Alto, CA
Bridger Alternative School, Bozeman, MT
Burns Telecommunication Center staff, Bozeman, MT

Cable News Metwork's Captain Planet Foundation, Atlanta, GA
Lona thambers

Carrier Corporation, Syracuse, NY
Rick Fedrizzi

Center tor Economic Recovery and Technology Transfer/MSU Techlink, Bozeman, MT
Pater Perna, Wil Swearinger, Ann Keenan

Center for Resourceful Building Technology, Missoula, MT
steve Loken, Rod Miner, Tracey Mumma

Athena institute, Merrickyille, Ontario, Canada
Wayne lrusty, Mark |ucuik

Bison Engineering, Helena, MT

Building Ecolegy Research Group, $anta Cruz, CA
Hal Levin

Center for Maximuin Potential Building Systems, Austin, TX
Pliny Fisk. Rich MacMath, Gail Vittori

Clanton and Associates, Boulder, CO
Nancy Clanton, Dava Nelson, Randi Herdman

Crowder College, Neosho, MO
Art Bovt

Design Synergy, Nashville, TN
+tay Mullican

ENSAR Group, Boulder, CO
wreg rranta, Kristing Anstead

Gil Friend and Associates, Berkeley, CA
il Friend

University of California, Los Angeles, CA
HBaruch Givoni




Harvard School of Public Health, Cambridge, MA

i, Maelbvin First

Health, Education and Research Associates, Inc., St. Louis, MO
Lanet Baum, Laune Sperling, Ken Mohr, Steve Mackman

IDEA, Kansas City, MO
“aliey Cramm

Knutson Ventilation Consulting, Inc., Edina, MN
werhard Knurson

Living Systems Architecture and Construction, Prescott, AZ
Kichaet Frerking

Living Technologies, Burlington, VT
ahnoiodd, Lynne Stuart

Solar Design Associates, Cambridge, MA
steve strong, Joe MceCabe, Paul Wormser

Supersymmetry, Oakland, CA
Fater Rumsey, John Weale

Supersymmetry USA, Inc., Navasota, TX
Honald Perking

Sustainable Community Development, Okinawa, Japan
wiatthew Wood

Sylvatica, North Berwick, ME
wareqory Norris

Earth Island Institute, San Francisco, CA
Cavid Brower, Bd Dobson, Mikhail Davis

Environmental Protection Agency, Laboratcries for the 21st Century Initiative

cynne Barker, ellen Construction, Seattle, WA
Janing Benyus, Bitterroot, M1

Michael Brown, Fisher Hamilton, Two Rivers, Wi
Daborah Buttertield, Bozeman, MT,

siamon PeLaszio, London, Ergland

Jdoe drocher. Jehnson Controls, Helena, MT
hns rolev. Los Angeles, CA

: wernne Goetz, Bozemarn., MT

Hansen, Edsall Construction, Bozeman, MT
Faul Hawkan, Sausaito, CA

Hobert Hettner Il Aspen, CC

aney Hobatiah, Hozeman, M

a Jeraensen, Havre, M

bert Morris, Flow sate, Denville, N.J

creordge kanta, Kanta Products, Three Forks, M
Mat Kraska, Baozeman, M1

nter Henor Roll
/ Harrg




Dana Kuglin, Bozeman, M1

Vivian Lotness, L/amnqrf Metlon University, Pittsburgh, PA
Kathie Qlsen. Chi cientist, NASA | Washington DC
Hav Rasker, Wildermess Sociaty. Bm“man MT

John RObIﬂCOH Somerset, UK

u(mm Sharp, Cambridae, MA,

Gordon wtrohy, Bozeman, MT

7 rian Sindelar, Rangehands, Bozeman, MT

Seott Warwood, Johnsen Controls, Bozeman, MT

WorldBuild Technologies {formerly Gottfiied Techologies), San Francisco, CA
David Goltfried, Fahnt Young, Michelie Crosier, Huston Eubank

2 ®
. CED, Fisher Mamilton, Forbo Industries, Herman Miller, ISEC,
Lightolier, Caram Sylvania, Owens Corning, Phoenix Controls, Milliken,

AFM Pairt, A
~uohnsen Controls,
Trespa

Flsher Hamilton, Inc., Two Pivers, Wi

Michae! Brown, Rick Johnson /-\nt"mr‘v Castelli, John Zboral=ki, John Baslian, James
zohlies, John Baker, Chris Andrews, Shane Sullivan, Kim Stradal, Jeanne Blahnik

ISEC Corporation, Denver, C0 and Seattle, WA
ave McKenney, Dennis Monshige, Jerry Adams, Valerie Ross, Kenneth Li, Paul Heihn,
Branden Derks, Timi Redden

L

Laramie, WY
rlie Carlisle, Bob Guffey, Nathan Bovyt, Koby Bracken

. CHA Corporation,
Chanag Yul Cha, Cha

Lawrence Berkeley National Laboratory, Berkeley, CA

Dale Sartor, Karl Brawn, Geollrey Beli, Steve Selkowitz, Eleanor Lee, Charlie Williams, Rich
Wilson with research partners Laboonco, Fisher Hamilton, ATMI, Phoenix Controls, Sieamens,
DOk, CEC, CIEE, and PG and

Wyoming Sawmills, Sheridlan, WY

Brnest Schmidt, Chiis Wallace. Rob Cricson with research partners Univarsity of Wyoming,
Laramie, WY, Timberwald Manuiacturing, Billings, MT, Ashland Chemical, Timber Froducts
Inspection, Forest Products Research Laboratory, Madison, Wi

Headwaters Compasites, Three Forks, MT
Charles Hedley, Deborar Hediey, Todd Quigley

University of ldaho/Boise Cascade, Moscow, 1D
Thoma“ Gorman, Francis VWagner, Shih-Yin Wu and research parmner David Pollock
shington State University)

Solar Design Assof;‘ime&, Cambridge, MA
steven strong, Fau Wormser, Joe MceCabe with research partner SunEarth, Inc., Ontario, CA

Italiano and Partners, Washington, D.C.
Mike ltaliano



~rie Gamper, Warren Jonas, Utte Stain, Janet r&(JV“|(“‘

College of Architecture - Lighting and energy simulation research
Lot Wooa

Department of Chemistry - Development of Inquiry Centered Learning project (ICLI)

Faculty: ‘ohn Amend. MSU, Bruce Ivey, Union Collage, Anguin, CA

Students: Zheng Tan, Mark Rollins, Adina Ragenovich, Scott Furois, Tim Sorey

ICLI Advisory Team: Sophia Nussbaum, The Universily of British Columbia
—ale Hammond. Brigham Young University. Hawaii

=ichard Hermens, Eastern Oregon University

Mortart Pienta, The University of lowa

iJavid Fitzpatrick, Chario H.5., Charlo, MT

Mike Davis, Eduiynx, inc.

Lausa Mason, Edulynx, Inc.

onsurstenad, US Air Force Academy, Colorado Springs, CO.

< Whitia. Mount Allison University, Sackville, NB, Canadla

Extension Service - Development of the National ReSource Center for
Technologies
“like Voael, lLaura Estes

College of Nursing, College of Health and Human Development, Office of Rural
Heatlth—the”Green” Team”- Research on the impacts of “green” buildings on
human health and productivity
arnn Wweinert and Deborah Hayvnes, co-Fly, wilh team members John Amend,

Batcheior, Kenneth Borland, Shelly Butler, Patricia Butterfield, James Dixon,
Tim Dunnaagan, Lynn Gibson, Geor qe Havnes, Dan Heil, Briar Higginson,

ollv Hunts, Chris Keller, Paul Kralt, vicky Kraft, Pat Lynes-Hayes, Suzi Matthis,
Cawen Murphy, Richard Petersen, Jim Rohison-Cax,. Rik Scarce, Debbie Smith,
Eieen Ryce, Marle Soller, John Vollertsen, l\/('mdn Watschke, Shawna Yates and
ave Younq

Plant and Soil Science - Phytoremediation research
iiams Dver, Rick Bates, Timothy McDermaott

T researcn partner,

sitterroot Restoration Inc., Corvallis, MT

Pollution Prevention Program -Construction waste reduction
LUy Jost

College of Engineering -Materials testing
<1y Stephens

Montana State University-Northern, Havre, MT/GE Transportation
Grea Jergensen, James Clinton, Greaa Hester, Wane Boysun, Mike Rao, Darryl Thackeray,
wain Gagnon, Roger Barber, Tom Reynolds, Magagie Irving

anter Honor Roll
Noncy Harris




Alping Industries. Antiouus Wood Products, Armstrong, AT&T, Autodesk, Ballard, Batlelic
Paciic Northwest Laboralorios, Bovis Construcition, Chicago Metallic, Colling and Alkman,
solling Pine, Corbond, Bale Construction, Eco-Products, Ecology Service Products,
vasall Construction. kErergy 2000, Enron, Flow Safe, Four Seasons Sun Rooms
Seniyte/lightolier, Global BErvironmental Options, Haworh, Holophane  Honeywaell/f -%»emx
aby Solutions, Hvalite Environmantal, IBM, Interface, Karta Products, Kawneer, Kewaunee,
Kimball, KR Office Interiors, L3 Power, Inc., Labconco, MeCarthy Canstruction, Nielsen
Dilirghar Builders, ONSI intemational, Osram/Sylvania, Rf‘ Electronics, Rochester Midland,
shaw Industries. Sidrev Mill Works, Silicon Graphics Inc., Solarex, Space, Steelcase, the
Durst Organization, Timbarwela Manufacturing, Tri-Jack, U nversa Air Techinclogies, Viracon,
WattStopper

Kansas State University, Manhattan, KS
Kirby Chapmar

Van Scoyoc Associates, Inc., Washington, DC
it van Scovoc and Carolyn Fuller

Montana's Congressional Delegation
senator Conradd Burmns and statt
=enator Max Baucus and staft
Represemative Rick Wil and staft

MSU Students whao faithfully served on 1
Bill Bury, Eric Challgen, Jo\ Ay Cha
Lan (Scotl)y Griesheber, Jareg Harrds,
Kountz, Jim MaoCray., Matthew tdckamey, and Sean Sar“:dborgr .

MSU Student Interns on the EPICenter Project
Summer 1998
fim McCray
Fall 1998
Jiinger Dunlap, Brad Schlepp
Spring 1999
ohn Bender
Sheppard,
Summer 1899
wiritan Williarms
Fall 1999
Kerri Johngon and Christina Overton
Spring 2000
Kristin Hac
Kratt, Vickie
Summer 2000
sonn Lewis and Chrstopher Nickle

Janna Belly, Nicole Chinadle, Matl McKamay, Sarah Morgar, Kere
hen Forg Soo, Mark Stiervalt, and Betsy White

fore, Rian Higginson, Christopher Keller, Lynn Kelting-Gibson, Paut
K .(m, Deborah Smith

MSU lobbyists with Montana Legislature, on campus, and in the community
Fresident
Michael Malone

& President of Administration and Finance
Hooort specter




rasident of Research
nuUtAII Swenasen

Students: Brad Bakemever, Annie Cates, Sara Converse, Justin Elliolt, Jeremy Fritz, Melissa
walano, trc Gustatson, Jared Harris, Jim Mbuav and Matt vh,,&ame\‘

Staff: Bob Lashawav, Marilvn Wessel, Kath: Wiliams

MSU Safety and Risk Management Division
wutt Shada, seott Bogers, Verna Bagley

MSU Students in Anders Larsson's Civil Engineering CE457 Class 1999-2000
MSU Students in Tom Wood's Architecture Senior Design Class, 1997-1998
MSU Students in Bill Neff's Film and Television classes, 1994-1948

MSU Graduate Students in Construction Engineering o Greg Brice and Cory Fraser, Fall
1999

MSU Office of Facilities Services
Hobert Lashaway, Cecilia Vaniman, Jefl Davis, td Sondano, Pam
Lingentelter, Loras C'Toole

MSU President Michae! Malone, who left this earth in December 1099,
MSU (Interim) President Terry Roark, 2000

MSU President's Executive Council 1993-1995
=rovost Mark Bmmert, Vice President of Administra

ice President of Research Robert Swenson, Vice
Anen Yarnell

ior ard Finance James isch,
rovost lor Student Attairs

MSU President's Executive Council 1995-1998

=anior Vice President and Provost Joseph Chapman, Vice President of Administration and
Hndance Hobert Specter, Vice President of Research Robert Swanson, Vice President for
Crudent Allairs Allen Yarnedl

MSU President's Executive Council 1998-2000
interim iProvost David Dooley, Vice Prasident of Research [om McCoy, Interim Vice Prasident
o1 Administration and Finance Thomas Stump, Vice Frasident for Student Affairs Allen Yarnell

MSU Faculty and Staff who participated and suppor’eed the project

s=ry Bancrott, John Brittingham, Gordon Brittan, FPatricia Bullerfield, David Caditz, Mary
Zioninger, Normy Egaert, Sharon Bversman, Joe Feddock, David Gibson, Thomas Gibson,
Rayl Grieco. Gwen Jacobs, Dallas Johnsori, Anre Keenan, /mdurs Larsson, Martin
Lawrence, lom uivinghouse, Pat Lynes-Hayes, Becky Mahurin, Robaort Marley, Cyd MoClure,
Bill Nett, Kim (bbink, Regan Peuse, Dick Pohl, =ill Preiss, James Robinson-Cox, Robert
=vdell, Leshe Schmidt, Gary Strobel, Leslie layior, Annette Irinity-Stevaens, DRavid Todd, Giri
vankataramanan, tad Weaver.

Museum of the Rockies, Bozeman, MT
Marifvn Wessell. Jack Horner

National Center for Appropriate Technology, Butte, MT
Jim Masker, Hans Haumbearger

iter Horor Rell

arra
ams



National Renewable Energy Laboratory, Golden, CO
Lou Abernathy, Doua Baicomb

Northwest Environmantal Business Council, Helena, MT
Linda Brander

Palmquist and Palmguist, Bozeman, MT

.......... -= MSU EPiCenter Project Office Staff and Management Team
Kath Williams, Audrey Thurlow John Lewis, Betsy White, Nancy Harris

Research and Development, Inc., Bozeman, MT
Roaer Flair

Rhode Island School of Design, Providence, Ri
Sharyn O'Mara

Rob Rath Graphic Design, Bozeman, MT

Rocky Mountain Institute, Old Snowmass, CO
Amory Lovins, Hunter Loving, William Browning

State of Montana Architecture and Engineering Division
lom O'Connell, RHuss Katherman, Dal Smilie, Ron Wilkinson, Katlhy Willis

State of Montana Department of Environmental Quality
Lou Moocre, Tom Livers, Georgis Brensdal, Marla Larsen

State of Montana Governor's Dffice
Julie Lapeyre, Linda Reld

State of Montana Secretary of State
Mike Coonev

Turner Construction Co., Seattie, WA

U.S. Department of Energy
Mark Ginsberq, Depuly Assistant Secretary, Ernie Moniz, Lindear Sacretary

U.S. Green Building Council, Washington, D.C.

Yellowstone National Park, Mammoth, WY

“hiet of Park Mairtenance Tir Hudson, Chief

Landscape Architect Eleanor williams

and tnally, the two groups who gave the most suppont

Naticnal Institiste of Standards and Technelogy (NIST), Gaithersburg, MD

L. Jimm Hilt, for ovarseeirg the antire project
Drs. Hunter Fanney and Andy Pearsily, for scientific evaluation and encouragement

and

Spouses and friends who listened more than they wanled and encouraged the team to
xeep “heading into the storm.




EPICenter TIMELINE

Hancy Harris + Kathy Achelpohi AlA

871998 Gubmission of Phase | Planring Grant Proposal, "Development
! rGreen Building” Guidetines for an Fducatonal Qutreach
~rogram, Technology Transfer & PERTT Building at Montana
slate University,” 1o NIST.

1071898 Berkebile Nelson Irmenschuh MoDowell Architects (Kansas
i Lity, Missourdy selected in a national competition to assist MSU
with Phase 1-Concept Developmsnt.

2/1994 NIST awards $200,000 for the development of MSU's Phase |
Froposal. Project Team propases to expand scope of Phasa |
o inchide studies in resource conservation, human health and
proauctvity, and impacts on aconomic vitality in the region.

6/1994 Nit | reviews Phase ! concept and approves additional
$200,000 to expand Phase | BNiM and M3U assemble a
National Team with :ocal participants hat includes architects,
=2nainesrs, Nistenans, building ccologists, materials specialists,
artists and others.

MO Green Building Programming Workshop in
ozeman, Montana develops project goals.
nr‘-ﬁr‘l WMQCV 5 a wo phase (53,400 to

1) building with laboratories,
; as, "incubator” space for
Smmw nusingsses, offices, classrooms, con-
lerenca laciities and guest guarters for visiting
sclentists or corporate partners

8/1994

1171994 MSU Green Building Design Charrette 1 held in Bozeman.
Working groups mrluclw {egional/Community Team,
site/Nelghborhood Team, Humarn Factors Team, and the
Suilding Design leam-Physical Factors Group.

1/1995 to 971995 Lievelopment of new design toots, building systems and map-
ping resources In the region (300-mile radiug) tor MSU Green

Buildina/National Rebource Center (NRCY Concept design.

2/16/1985 to 2/18/1995 Second Green Building Charrette held in Bozeman.

10/1995 BENIM Architects and MU submit Phase | technical report tor
the "National ReSource Ceanter” to NIS T, Technologies/methaod-
Jiogies highlighted include; S0 A(‘*ua ic Wasatewater
rreatment, Utilization ot ResourcelM dprnng 1o create new build-
ina materials trom Montana Waste Streams, Passive Phaton
cioilector Lighting Devices, Hybrid Photovoitaic-thermal

Silenter Timeline
MU + BNIM




Ctor, ‘\wlm'; Erigine, Decision Support System for Life
sis, Natural Conditioning Systerns, Dynamic
Cnmputer N Mrhng Tools, ard Methedcology to Collect and
valuate Feedback on Human Factors.

11886 "Flus Ultra” concep! introducad and adopted for the project.

spring/summer 1896 Heprasentatives of the ASMSU Senate and MSU Administration
deveiop initial proposal for a new olassvoUm/mbormow b;JlL.J!ﬂg
ony campus. VP for Besearch, Robert Swensorn, proposes 1o
LIS Senator Conrad Bums for Congressional support.,
Liscussions begin combining classroom/lab project with green
puilding project.

rd of Regents Meeting —Preliminary approval gl\en 10 MSU
- agsess student fee for the new classroocmv/lab ©
hip provided by James McCray, 1986 97 /—\SM&}L

7/1986

101996 Congress appropriates $1.2 million for development of the
National ReSource Center.

mid 1071996 Punlic relations campaign for student support of new building
and proposed fee increase begins.

10/1896 Student vole on increased fees for the new building - 66 per-
centn favor with 1,300 students voting {11percent mrr ‘/!,JT
hrghest ever at MSU)

1171271996 MU Prasident Malone assembles conceptual planning com-
ee, comprised of 50 parcent stucants/S0 percert faculty

d swaff, 1o consider potential program, site and design con-
centa 10r the new building envisioned to be ar integratad leam
g center, Kaih Williams appointed Project Chief and co-Chair
af Planning Committee with Robert Lashaway, Director of MSU
Facilities Services.

THT

1171906 Board of Regents Meeting —Final approval with authorization of
o 1o $26 miillion for MSU's new academic building.

11/12/1995-12/12/1995 MSU forums Lo gain input from faculty, students and staff for
sunding use and design. Place Architecture, Bozeman, leads
the design team that includes BNIM Architects and national

en design consultants.

5/1997 7 Legistative Session egins. University p“fental,éuns to
5 new building with .ndividual legislators
1/13/1997 ceptial planning committee sends Proposal for Green

sroom/Lab building to MSU's President's Executive Council

approval.

2/1997 Classrconviab building prasentations to the Loqiﬂh“ re's Long
: o Buiding Program Comiritiee, MSU President Malong

inc ASMSU President James MeCray present. ber\.-,my om




341997

4/1997

ieck carnes amendment 1o amerid academic building into
RBP vackage, as it had not praviously been included due to
time restrictions,

Classroom/lab building contained in F»/1”‘!1téif']?‘i House Bill (HBS)
sent to House Appropriations Committes, HEBS passes out of
Appropriations Committee and goes to riousr, Floor. New
building spedcifically cut out of HES on House Floor during the
snd reading, along with University of Montana Alumni building
authorization.

Classrocom/lab building reintroduced in Montana Senate
sinance and Claims Commitias. \c;mtr\r Torm~ Beck carries
amendment. President Malone and ASMSU President Mo Cr
present. senate Finance ar 1d Slaims (ommntle amends the

pill to authorize $18 million and one-half operations and main-
tenance costs. HBH sent tu Senate Floor with amendments.
Ht3h pasoe 5 wenate Floor HED rgjected by House Floor. HES

- sent to Conterence Lommittee. state tunding tor Operationa

511997

- §/1997

6/23/1997 - 6/24/1997

71997

7/29/1997

and I\/iaimeriance cut out of new building project during
Tonterence Committee. MSL emerges from 1997 Legislative
=ession with $19 millior in authorization for new academic
uuilding but no state tunding to cover operations and mainte-
nance costs,

15U retains Place Architecture as architects of record and o
isad the (;orwvenmndl A,,-lnld:lm contract, and BNIM Architects,
undar NIST contract. 1o lead the areen buitding technologies
dasign and development components for the project

Sraliminary mndlaromq committes 1s formed 1o raise $4 million.,

“ubmission of proposal to NIST. "Develnpment of "Natioral
Hesource Genter' at Montana State Universily as Phase |l of a
National 'Green Building' Demongiration Project.” Mission
statement and goais detined. Gotiiied Technologies presents
ndustry Partner Program to Mst planning committee. HERA
retained as laboratory programming consultant. Kath Williams
and Bob Berkebile present project on Capitol Hill requesting
36 miflion in suppaort.

nitia! Planning Charrette for MSU's new integrated learning
enter with project stakeholders tu review program needs,

potential buiding siles, and to datine project goals.

“undraising goal of $50 miltion m‘ ablu ed hy Planning
ommittee and Desigr Tfeam.

Gotttried Technolodgies retained for development ot Industry
“artners Program. Inferviews with probable buiiding occupants
te detine space neads. Students identity priority goal of creat-
space tor interaction betwaen all students, the researchers
and NRC.

Site Selection Charrette. Cleveland site recommended o the
sondition that the entire Chermnistry/Biochemistry Department
pe moved (¢ the new tacility. Buillding size grows 10 approxi-

Hioenter Timeine
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mately 250,000 square feet. University Facilities Planning and
< endorses Claveland site, "The money has no
eolor,” is adopted as guiding principle {the project is deemed a
whole project and every uss! group contributes to total proiect
custs).

8/1997 Larger project goals developed and Juidetines redefined. Site
Lo recommendation to MSU President’s Executive Council (PEC).
Citline "Concept Program” for potential contributors. Building
Dlnnri"m Committee recommands the projact be called the

AsU ERPICenter” in recognition of the impact they envisior: for
m,lxenn i, discovery, teacking innovation and sustainable buid-
ingy design. M3U PEC approves Cleveland site.

summer/f Research continues to define the tachno

wies tor inclusion in the NIST sponsored re

s

tes and mathodolo
Search.

noingies considered nclude the living machine, passive
caoling, passva photon collector, fual celis, 1ab fume hood
mmovations, air scrubbing devices, integrated hyhrid solar col-
color and new building materials.

/1897 Big Sky Institute workshop on innovations in building design for

= 2 instruction-heips define spatial implications of “integrat-
igaming.” NIST approvas MSU plan for $1.2 mition for tech-
y research and development for a green building ¢
ation project.

2mon-

101987 11

Congress appropriates $& millior for project research and
velopment program. Design Charretie to discover break
hideas that illustrate how the =PiCenter project will
wchieve "Plus Jltra” goals of defining new state of the art for
science/research faciilies and sustainable building design.

11/1897 F jfent Clirton exercises line-item veto on $5 milton appro-
miawon in US Department of Commerce (NIST) budaet,

1/5/1998-1/8/1998 LT 110 Dasign Charretie to review the sta
tus o1 programming, develop site
and image studies, discuss lab
precadents and new hybrids, pres-
ent Plus Ultra systems diagrams
and define zero polluting emsssions
goals for air and water, Footprint of
bullding raduced to 200,000
square fect based on cost projec
tions,

v meets on Capito! Hill to fight veto. USGRBC
d n“fomtze join Kath ‘Wiliams at White House to support
atement of $& million.

TSl

an team meets in KG to review and integrate sustainable
> if‘s mr Fius Ulra technologies inte the
apt building design.




2/1998 Montana Leqislature grants axemplion to low-bid process on
Al “green” products and systems. Contracior is excluded
iant members wvisit "Living Machine” in Burlington, Vermont to
review Diological waslewater reatmeant issues.

3/1998 Faculty Council drafts a resoiution 1o 1! shui down the project
w1 revert back o the $19 milion building., No action taken
by President's Executive Council (PEC). Industry Partners
=rogram is advertised in newspapers statewide. Kath Williams
andd US Green Builcing Ceouncit bnard members maet with US
Otfice of Budget and Maragemanit 1o protest ling-item veto.

5/1998 LVesign team presents
conceptual design for
tha M5U EPICenter to
tha President's

-utive Gouncil.
Sasign includes bio-
logical wastewater
reatment, natural
veniration towers, air
woruoners, nyarogen tuel cells, hvbrid PV, and daylighting sys-
tems including the prioton collestar. Meeting with potential
Industry Partners is held in Bozeman, Evaluation of Hamilton
Hall tor recyeling opportundies during demolition is completed
by Place Architecture.

6/1998 FPresident's Executive: Council extends $56C million fund. raising
aeadline to December 15, 1998, Proposal to PEC for a
Demonstration Sile for EPICantar Design Features in the USDA
buiiding, PEC declires to support renovations to {acilitate
mockuns. US Supreme Gourt everturms line-item veto power of
the Prasidency (85 million).

7/1998 NIST approves 1-year extension for Phase Il ($1.2 million).
PO requests allernate plan for a smaller building be devel-
wed in the event additional funding ia not secured by
ecember.

8/1998 Industry Partners strateay maating neld in San Francisco. PEC
approves tund-raising period ending June 1999,

9/1998 NIST approves MSLI proposal for the expandad {5 million)
NIST R&D program. Much debate about meeting user ard pro-
rammatic needs in the tace of adminisirative and budgetary
onstraints at MSU; muttiple alterhative scenarios proposed.
Planning Committee requests that PEC set December 15th
deadlina tor the exploration of the phasing of the project.

10/1998 Planning Committes and Design Team redeting project goals.
Pianning Committes vates to develop a $19 million building
and a plan tor scaling up the project. Notice to participants
hat all planning meetings are opan t© the public.

erior iimeire

"y BNIM



10/13/1888-10/14/1898 °

10/13/1998-10/15/1998

12/1998

1719589

2/1999

3/1999-4/1999

4/1998

ond 2000 Technology and Integration, Changing the Way
rieach, Learn and Build” i3 held on MSU campus. Guest
rrers included Robert Morris, James Hawkins, ERPICenter

m mernbdars from Supearsymmetry, Solar Design Associates,
e Centr for Maximum Potential Building Systems (CMPBS),
University of Florida, Lawrence Berkeley National Labu{a?ﬂry
Eurns Telecommunication Center, BNIM Architscts and BPACE.
am meeting with Fisher Hamilton and Lawrance Bearkeley
Natioral Laboratory to discuss fume hood innovations for the
orolect.

Industry Parthers meeting with potential partners on campus.
The design team presents the EPICenter Concapt.

Planning Committee unanimausly passes resolution to construct
gz gmaiter “pilot” building and continue efforts 1o fund concept
ding, The prototype bullding will tast some of the concepts
sveioped Tor the largér EPICanter and will generate anthusi

T ko the largar building project. Tumer Construction provides
duaton tor remodeling and/or building an addition to Gair
tafl.

NMSL President and PEC reorganize project into NIST R&D com-
I and conventional construction project with a $10 million
. Kath W'liiam" contnues as bxecutive Director of the

I LOITP snent, and David Dooley, Chair of the Depariment of
-'Jrv fmsir\«, as ”halr of a npw I’mild m _‘ommittee‘,e. The

clved.

=inner Hamiton
m.

i
E

i

The construction project is divided into three componants— the
:novation of an existing building 1o house the Center for
ymputational Biology ($750,000), the renovation of twa cham-
girv teaching labs in Gaines Halt ($320,000; and the EPICenter
ot builckng (87,317,000). Filth Industry Partners maeting with
notential partners from Montana is held. Team mernbars fravel
1 GACto view technology demonstrations at LBNL {fume hood)
i McClennan Airforce base (CHA - air scrubbing tachnology).

L recommends subcontracts 1o NIST totaling $3 miltion for
stry Fartners R&D projects, specialty consuitants and MSU
uity researchers.

Programming Phase for the EPICenter Pilot Projec

Schematic dasign Charrette for the EPIiCenter
Pilot building in Bozeman. A 30,000 sguare
foot addition on the south side of Gaines ~all
{Chemistry) will be developed. Team members
meeat with Avistal abs in Spokane,
Washington, 1o discuss fusl cell partnership.




571999 NIST team o crgan

£/1999

1 into tour groups — Performance Team
shichudes Air and Exnaust), Materials Team, Water and Waste
ieam and Power leam. Air and Exhaust Team members mest
with Hsher Hamittor: and CHA i Wisconsin, MSU assemblos a
multidisciplnary faculty team to study human health and pro-
augtivity issues related 1o ocoupants of green buildings.

schematic Desian for the Pilot Building is submitted to MSU.

- Hace Architecture withdraws from projsct, and BNIM becomes

the Architect of Record tor the Piot Building. CTA Archilects
and Engineers (Billings, MT) expanda their role on the team as
Froject Architects for the rengvations. NIST Funds are
approved tor R&D projects tor Industry Partriers and MSLU par-

& ficipants: Lawrence Berkeley National | abs receives funding to

7/1999

9/1999

10/1999

# assessment, and technical sups

qast ow-tiow fume hood, daviighting ard glazing, materials

t. MSU Civil Engineering
Department receives an award 10 evaluate waste reduction
spportwnities in the construction process. MSU Extension
Service receives 1uncing o develdbp concapt for Nationat
wsource Genter. Solar Desian Associates receives award 1o
further thair developmeant ol the integrated, hybrid photovoltaic
thermal solar collector. MEU Chemistry Department awarded
tunding to develop Inquiry Centered Leaming computer sofl
ware MSU Center for Biofilm Enaineering fundad te develop a
wastewater treatmant prototype. MU Lehool of Architecture
fundec to study dayiignting. Water and Waste Team maets in
Bozeman to discuss prograss on wastewals: treatment includ-
ng EM technology.

Materials team meets in KO 10 discuss material selection for

> maior building components i the Filot Buldding and in
eman to discuss opportunities w© incorporate reinforced
sast earth into the Pilot building. Fsher Hamilton/ISEC installs
prototype fume hood in Gainas Hall research laboratory.

NIST approves 1-year extension tor Phase | (85 million).
1alianc and Partners awarded funding for development of
sustainable Products Training, MEU Plant and Soil Sciences
awarged tunding 1o conduct research on bioremediation.
MsU-Northaemn receives tundina to purcue R&D in strawbale
sonstruction, emissions testing. and hydrology. Paerformance
feam meeting in KO 10 evaluate mechanical systems and day-
iighting/tighting desigr:.

Air and Exhaust subagroup of the Pertormance team meets in
mozeman 1o discuss fuma hood stralegies, commissioning,
ind CHA's progress on air scubbing. The mtegrated, hybrid
solar collector is put on hold due 1o activity in Congress that
cut DOE's renewable energy budget. ERPA does not approve
funding tor the Pilot buiiding wastewater treatmernit tacility.
industry Partnars (Fisher Hamilton/iISEC, Lightolier, Owens
oming, Foroo, AEM Paint, Colling and Alkman, Miliken and
shaw) arg asked to submit proposals to provide products for
the Lewis Hall lab renovation.

Center Timeline
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1171999

12/1998 Fenovation of Lewis Hall for the Center for Computational
Bwiogy (COB) begins. Industry Partners {Fisher Hamilton/ISEC,

t

H 510
wide produsts for the Gaines Hall teaching lab rencvation,

1/2000 Design development documents for the Pilot building are
approvad by M3U.

272000 Filot building design team members meet in Bozeman for coor-
dination and user group meatings. MSU pursues a $2 miflion
NIH grant 1o expand the scope of the Pilot building project
Mol administration decidas to push the bid date for the Pilot
biuilding 1o the first quarter of 20C1.

4/2000 Commissioning subgroup of the Performance Team maets in

ar with FICO (Commissioning Agent for the Pilot Buiiding)
entatives from Stale of Mentana A&E. Power Team
mieeting in scuss devalopment of integrated, hybnd
soar tharmal collector. Materials Tearm meeting in KO,

B/2000 w renovation of four chemistry teaching labs in Gaines Hall
ns. The renpvation of Lewis Hall for the CCB is completad.
adminiztrafion directs the design team to make Pilot build
» design changes requested by the researchers. Changes

ie making a secured laty suite arsa on the research floors
te iimit general student access,

68/20/2000 Maeting with LBNL and M3U Safety and Risk Management o

suss prototype installations in MSU's Advanced Technolagy
“ark (ATP). MSU Safety and Risk Maragement Division agreas
wohost site tor prototype demonstrations.

a

772000 BNIM submits 95 percent Sonstruction Documaents for the Filot
buiiding to M3U for their final review. Commissioning Subgroup
ot the Performance team rmeets in KG with Johinson and
Prcenix Controls to discuss design of Pilot ouilding monitoring

Svsien,
B/2000 Irstallation of prototypes begin in Advancad Technology Park,

9/11/2000-9/12/2000 NIST review of grototypas at MSU's Advanced Technology Fark.
Frototype presentations made by Solar Design Associates,
sghar Hamilton, LBNL, CHA Cormp. and Headwaters
omposies,

9/30/2000 Term for NIST R&D funding ends. Final NIST report submittad.
he ERICenter Gffice is closed. Project research matenals
arohived at MSU College of Arts and Architecture and BNIM

yronitects, Kansas City, Missour,




BUDGET NARRATIVE

Kath Willlams Ed.[»

Montana state University competed natonally for the first National Institute of Standards and
chnotogy (NIST) grant in 1983, Upon receipt of $200,000 for design of what was ramed
e National Resource Center, MSU selected an international team of architects, engincers
ana specialty consultants. The results of their initial energy elficiency strategies, concepts
{na desians were presentad 1o NIST, which chose to expand the grant by another $200,000
o mat the desian could be enhanced to demonatrate resource conservation.

e 1996, Senator Conrad Bums (R-MT) introduced US Congressional legistation that would
support the project. txpenditures of the funds appropriated by the US Congress to the
National institute of Standards and Technoiogy emphasized the raesearch and developriant
W7 rareen buildng” technotogies and the incorporation of the prototypes into a holistic, “liv-
nq building” design. Two appropriations wers approved by Congress —the first in FY97
Jaaet for $1.2 million and the second for $5 million in the FY98. The later was subjected

ragident Chnton's ling-item veto and was not reinstated untii FY98 when the US Supreme
LRt overruied the veto power of the administration.

ihe tollowing cnarts show the allocation of $5,939,30C funding to Montana State University,
atter the NIG T Facilities and Administration charge was deducted. Forty percent of the avail
avie iunas wera used in direct subcontracts to industry tor research and development proj-
=4, This totaled approximately $2.4 million and resulted in five “green bullding” prototypes,
r ot which have been instalied at Montana State University's Safety and Risk Management
iaporatory. Other research projects resulted in a Portland cement alternative from the
Montana waste streams, detailed rvlans for an on-site piological wastewater treatmerit facll-
iy, protocol and research methodology development tor the study of human health and pro-
uuc,tlvny construction waste management systermn speciticabions, software to reduce the use
of chemicals in laboratones, daylighiing studli strateqic plan for a National ReSource
=nter, support 1or emissicns testing, straw bale construction code work, and a rainwater
vesting pilol system. lwo projects invoived low-grade iumber, including stress testing
standing trees © prevent wastetul harvesting and the development of laminated lumber for
structural beams.

Approximately one-third of the funds were used tor design :‘:rt*ar\«"sof_; that enabiled the devel-
cpment of a holistic building design to enhance the economic and environmental vitality in
ihe region and create prototypes and other “green building” \echno!ogie:; for industry. This
s geecomplishea throuan the leadership of the architectural tirm, BNIM Architects of
mnsas Gty who have been with the project since its incaption in 1993, They worked
oaether with a diverse team of intemational experts. An essential component of collabora-
tive desian was the development and inclusion ol industry through a partners program. Over
Tl industries exprassed intent to partner and over 30 visited MSU's campus o pariicipate

i aesidn dand educational outreach programs. Das.gn services also included the work of sci-
:ran!‘st(: !rum Battelle Pacitic Northwest Laboratories i the area of human health and pro-

auctivity so the =PICenter project could advance the science of human factors.

Sudaet Narratve
<ar Williams



Facilities and administratior (formerly known as Inditact Cost recovery-IDCs) were collected
oy Montana State University (over $700,000) in ordor to Lover tre costs of housing and sup-
poring the project. This accounted for less than 15% of the funds altocated.

at

©an additional 5% of the funds {approximately $300,0 ere spent on salaries and benafits

for student interns on it 0 “PlCenter office sta f . Kand an MESU/NIST subcontract man-
~ayer who did not participsa! a team member bt reported directly to the MSU Vice
- President of Ressarch, The rfrr“‘tor of the project was paid by MSU, using IDCs, unilil the
last 18 months of 1he project when her salary was transferred entirely 1o the: preject account.

I ess than 1% of the funds (leas thar $50,000) ware spent on four years of travel for the nroj
Jet director to present at canferences and/or meet with industry partners, for project partic-
pards o artend rafated conferences and educational ceminars, and for in-state travel by

# project stali

Miscellaneous expenses. including supplies, communications, office eguipmert and meet
ng rentals, totaled less than $40,000 for the four-year fiscal period.

sements

Nith the adoption m 1h«> “F“‘i us Ultra” approach, the gesign team accelerated actvang
i sistain o the nation's best experts. These included indepe:
sonsultants, if"l(mmrv ar xd university researchers, nalional laboratory experts, and architec-
rural/engingaring firms, Combining the funds spent for specialty consultants (under the
Jesign Services caliegory) and the funds spent for diract research and developmant projects
ithe entire 40%), work was accomplshad in the lollowing categaries:

Hollution prevention, inciuding prototype air scrubbing 18% or slightly over $500,000
m and ermissions testing

o protoco!

DY

Fame hood advances 20% or approximately $550,000

Water and waste, inclutling biological wastewater 12% or close to $350,000
treatment tacility developmant rainwater havesting, and
construction wasie managament

Fower, inciudging phototherm prototype and PEM fuel 10% or approximately $280,000
cell testing

soncrete altermatives, incluging Portland cement substi- 9% or approximately $26¢,000
!bt—c«;. cast earth technologies,
and structural *eolmg
Fnhanced health and humar devalopmant 8% or slightly over $230,000
Sustainable systems design 7% or slightly less than $200,000
woaod product altemnatives 6 % or approximately $165,000
‘ CI\ of NRC, sustainable 5% or slightly over $150,000

mml and software for
{ ”wnu y Classroom use

mitreach, including deve
e

Material ssiection matrix developmeart 3% or approximately $85,000

fignting strategy development 2% or slightly less than $50,000




rant penod ends September 30, 2000, with approximately $425,000 in unused funds.
MiGl oltered Montana State University a third, no cost extension 1o continue with the moni
g and testing of the prototypes installed in the Advanced Technology Park.

Davylighting 2%

Outranch 5% “PLUS ULTRA” THEMES

o Systems Design 7% $2,840,010

Powaer 10%
Fume Hood
Water . Advances 20%
& Waste 12% '
Material
Selection 3% ‘\\
Wood Products
Alternatives 6%
e Pollution Prevention 18%
Concrete Alternatives 9% .l »
Erhanced HHP 8%
Salaries & T I 1%
d ravel 1%
R, Benefits 5% ALLOCATION OF FUNDS
. ) Miscellaneous $5,939,300
Facilities & Expenses 1%

Administration 12%

* Design Services 34%

“*R & D Projects 40%

* Design Services includes Specialty Consultants
** R & [ Projects includes Suboontracts

get Narrative
“aan wWilliams






ST OF TECHNICRL REPORTS

neiuded on the comparion CL-ROM:

Hik
Daylighting and Lighting
Laaviighting Computer Modeling

Hyv Tnomas K. Wood. AlA, 1ES

Professor of Architecture Montana State University, Bozeman
Aighting for the MSU EPICenter Pilot Building

=y Monica Rodriguez and Jason Mclennan, BNIM Architects
ne Lighting Dasign for the EPICenter Pilot Building
=y Nancy Clanton, PE, Clanton & Associates

Systems Design
Fnergy-tificient Integrated Mechanical System
Yy wr Murray, PE, CTA Architects Enaineers

2 Simudiation of MSU ERICenter Labs

Sy Pater Rumsey, PE, Supersymmetry
Fiow Visualization Methods for Passive Cooling Dasign

By Monica Bodriouez and Jason MoLennan, BNIM Architects
Passive Coolina and Ventilation of the EPICenter Pilot Building Atrium

v Baruch Givoni, Ph.D. UCLA
3 Ui*r" ’Jommnssmmnq
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